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THEME 

With  the  continual  demand  for  more  '-ommun;<v.tioi»  channels  to  meet  the 
increasing  world  traffic  requirements,  communicators  arc  reeking  ways  to 
increase  ionospheric  communication  reliability.  Monthly  median  ionospheric 
predictions,  although  not  perfect,  provide  guidelines  for  circuit  planning.  To 
improve  system  operations,  it  is  necessary  to  forecast  parameters  pertinent 
to  system  performance  on  a  shorter  time  period  (days  and  hoors).  The  purpose 
of  this  symposium  is  to  stimulate  discussion  of  techniques  to  improve  ionospheric 
forecasts,  and  to  bring  together  the  scientists  and  engineers  who  are  developing 
forecasting  techniques,  and  those  who  need  and  use  forecasts,  so  that  they  might 
understand  each  other's  problems. 

The  symposium  is  primarily  concerned  with 

(1)  current  forecasting  systems  and  their  relation  to  forecast  requirements 

(2)  ionospheric  forecasting  techniques  including  the  use  of  ionospheric 
monitors,  and 

(3)  the  influence  of  solar -geopf-/:iical  events  on  the  ionosphere,  and  fore¬ 
casting  of  these  events. 
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HISTORICAL  OUTLINE  OP  FORECASTING  METHODS 


by 

J.  H.  Meek 

Defence  Research  Board,  Ottawa  4, 
Ontario,  Canada 


ABSTRACT 


A  historical  outline  of  ionospheric  disturbance  will  be  presented.  Application  to  radio 
communication  circuits  were  started  during  World  War  II  and  have  evolved  since  then 
towards  Qualitative  and,  later,  quantitative  estimates  of  ionospheric  radio  propagation 
conditions  hours  and  days  in  advance. 


A  Historical  Outline  of  Forecasting  Methods 
by 
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1.  Introduction 


For  the  purpose  of  this  paper  I  should  like  to  propose  that  "Ionospheric 
Forecasting"  signifies  the  process  leading  to  foretelling  the  state  of  the  ionosphere 
for  a  specified  future  time  at  a  specified  point  and  estimating  its  effect  on 
the  operability  of  a  given  comnunications  circuit. 

It  is  my  intention  to  mention  the  principal  observations  and  studies 
which  have  been  done  in  the  past  and  which  have  helped  bring  us  to  the  present 
"state  of  the  art".  I  believe  that,  with  the  information  and  knowledge  which 
we  have  accumulated,  a  useful  quantitative  forecasting  service  could  now  be 
devised. 


Two  other  comprehensive  reviews  of  Ionospheric  Forecasting  exist. 

These  arc  -  Obayashi  (1959)  and  Egeland  (i960).  The  present  review  and  the 
other  twc  overlap  to  some  extent  but  each  was  prepared  from  its  own  point  of 
view.  In  aaiition  Chapman  and  Bartels  (1940),  Mitra  (1952)  and  Folkestad  (1968) 
are  reconmenaed  general  references. 

2.  Early  Observations 

(a)  Magnetic  Variations  and  Aurorae 

Hiorter  (1747)  reported  from  Upsala,  Sweden,  a  relation  between  magnetic 
variations  and  the  aurorae.  Balfour  Stewart  (1861)  reporting  on  the  great 
auroral  display  August  18  -  September  17,  1859,  noted  the  excessive  disturbance 
of  the  magnetic  needle  and  this  led  him  to  postulate  the  existence  of  a  conducting 
layer  in  the  upper  atmosphere  (ionosphere).  Carrington  (Chapman  and  Bartels 
p333,  1940)  noted  the  coincidence  of  solar  outbursts  simultaneous  with  disturbed 
magnetic  elements  on  September  1,  1859- 

Bii'keland  (1908,  1913)  investigated  magnetic  variations  and  auroral 
displays  during  the  International  Polar  Tear  1882-83  and  during  the  Norwegian 
Expeditions  of  1894-1900  and  1900-1903*  He  pointed  out  that  electrons  travelling 
towards  the  earth  would  be  deflected  by  the  earth’s  magnetic  field  and  approach 
the  earth’s  atmosphere  in  two  zones  corresponding  to  the  auroral  zones.  Ha 
demonstrated  his  tneory  by  experiments  using  cathode  rays,  in  an  evacuated 
chamber,  projected  at  a  model  earth  (terella)  which  could  be  magnetized  to 
various  field  intensities.  Such  experiments  were  extended  by  Bruche,  (1931) 
and  refined  by  Bennett  (1958,  1959)  in  developing  his  "Stormertron" . 

Birkeland  discussed  his  theory  with  K.  Stormer  (1906,  1917,  1930), 
a  mathematician,  who  worked  out  the  theory  in  detail,  based  on  trajectories 
of  charged  particles  of  various  energies  approaching  the  earth  and  being  deviated 
by  its  magnetic  field.  Stormer  went  on  to  become  renowned  (along  with  his 
fellcw  Norwegians  Vegard  and  Krogness)  for  his  meticulous  and  extensive  auroral 
photography. 

In  the  latter  connection  Stormer  is  probably  the  first  to  make  regular 
use  of  a  practical  ionospheric  forecasting  or  disturbance  indication  method. 

He  used  the  reports  of  perturbations  observed  on  Norwegian  telegraph  circuits, 
(Harang,  1951)  usually  occurring  in  the  afternoon,  to  indicate  the  need  to 
prepare  his  cameras  for  photography  of  the  aurora  that  evening. 

Vegard  (Fleming,  1949)  reported  in  1916  that  the  time  of  strongest 
aurora,  with  some  notable  exceptions,  coincided  with  the  interval  of  highest 
magnetic  activity.  Other  coincidences  were  noted  E.O.  Hulbert  (1929), 

F.T.  Davies  (1931),  B.W.  Currie  (1935),  while  Rostai  (1935)  correlated  the 
geomagnetic  latitude  of  the  auroral  display  with  magnetic  variations  observed 
at  Potsdam. 

The  analysis  of  the  1932-1933  Polar  Tear  data  provided  a  great  deal 
of  information  on  the  statistics  as  well  as  or.  associations  of  individual  geophysical 
phenomena  (e.g.  Vestine,  1944,  1947;  Harang,  1946)  with  the  "visual"  ionosphere. 

(b)  Magnetic  Variations  and  the  "Radio"  Ionosphere 

Magnetic  field  coincidences  with  the  "radio"  ionosphere  were  reported 
by  Appleton  (193?)  in  1927  and  by  Anderson  in  USA  in  1928  ts  a  result  of  studying 
the  observed  signal  strengths  on  radio  transmissions. 


Detailed  investigations  of  the  variations  of  the  ionosphere  as  observed 
by  radio  sounding  techniques  were  carried  out  by  Hafstad  and  Tuve  (1929),  Appleton; 


Shafer  and  Goodall  (1935)  and  in  much  detail  by  Berkner,  Wells  and  Seaton  (1939), 
Berkner  and  Seaton  (1940)  and  Wells  (1947) • 

(c)  Solar  Variations 

Sabine  (1851)  studied  the  relation  between  sunspots  and  geomagnetic 
disturbances  from  study  of  magnetic  variations  at  Toronto.  The  27  day  recurrence 
of  magnetic  disturbances  (Chapman  and  Bartels  p>411  1940)  and  of  long  distance 
radio  cocr.unicati ons  disturbances  was  well  known  in  the  1930s.  Time  plots 
of  circuit  performance  compared  closely  with  those  of  magnetic  variation  prepared 
regularly  and  distilbuted  by  Bartels  from  Gottingen. 

During  this  period  communications  engineers  were  concerned  with  discovering, 
empirically,  the  pattern  of  the  medium  and  high  frequency  circuit  propagation 
failures.  The  27  day  recurrence  was  found  to  be  quite  useful,  but  qualitative 
in  nature .  It  was  not  possible  to  foretell  the  amplitude  or  influence  of  a 
disturbance  for  the  next  period.  On  the  other  hand, circuits  normally  showed 
characteristic  fadings  starting  one  or  two  days  before  a  communication  "blackout". 
Thus  the  maintenance  of  fixed  circuit  performance  records  and  accumulated  experience 
allowed  the  commercial  operators  to  plan  with  reasonable  success. 

3.  Forecast  Methods  During  the  World  War  II 

With  the  outbreak  of  World  War  II  came  the  need  for  reliable  ccmnunications 
over  circuits  not  previously  established  and  to  mobile  units,  ships,  aircraft 
and  field  forces.  Scientists  were  asked  for  information  and  assistance,  in 
order  to  solve  very  serious  communications  problems  in  temperate  and  northern 
latitudes . 

The  close  association  of  radio  disturbances  with  solar  phenomena  led 
to  demcnds  on  astronomers  to  provide  regular  sunspot  activity  information. 

It  was  soon  recognized  that  sunspots  themselves  were  likely  not  the  origin  of 
the  earth  ionosphere  disturbances,  but  bright  active  regions  such  as  flares. 

The  fact  that  some  storms  occurred  where  there  were  no  visible  active  regions 
on  the  sun  led  to  the  invention  of  "M  regions" .  Extensive  study  of  all  these 
features  was  initiated  in  the  United  States  at  the  Carnegie  Institute  of  Washington 
by  A.H.  Shapley  (1946)  and  others  during  the  period  1942-1945.  The  results 
were  made  available  to  the  comminications  services  and  proved  to  be  a  useful 
addition  to  the  2?  day  recurrence  forecasts. 

Operational  forecast  methods  in  use  during  the  va*  were  as  follows: 

(a)  In  Canada  in  1942  F.T.  Davies  started  a  daily  propagation  forecast  for 
the  Canadian  communicators  which  was  based  on: 

1)  A  daily  sunmary  of  sunspot  activity  from  HcMath-Hulbert  Observatory 
followed  by  weekly  photographs  of  prominences  on  the  series  limb, 

2)  Telegrams  reporting  reduction  to  1/10  sensitivity  at  the  Riverhead 
N.Y.  Magnetic  Observatory, 

3)  Continuous  reports  on  reception  and  direction  of  arrival  of  signals  from 
selected  distant  short  wave  transmitters  mostly  on  and  across  the 
North  Atlantic  ocean, 

4)  A  single  manually-operated  ionospheric  sounder  at  Ottawa. 

(b)  In  Great  Britain,  in  aid  of  the  Royal  Navy,  Marconi  Company  made  good 
use  of  their  extensive  operational  experience. 

Sunspots  were  watched  regularly  as  they  appeared  around  the  edge  of 
.he  sun  and,  of  course,  the  well  recognized  27  day  recurrence  was  used  to 
qualitatively  forecast  radio  conmmications  interruptions.  The  best  indicator 
was  found  to  be  the  signs  of  abnormality  of  bearings  of  transatlantic  short 
wave  stations  such  as  New  York  and  '  lachiche,  Quebec.  Vertical  incidence 
iono sonde  sweeps  which  were  made  every  £  hour  and  signs  of  disturbance  were 
detected  very  soon  after  the  ionosphere  began  to  be  affected.  (Tremellen  and 
Coic,  1947).  Strip  charts  of  solar  surface  features  received  from  Russia  were 
of  considerable  help  at  times  when  the  sun  was  not  visible  in  England. 

(c)  In  Germany  ionospheric  observations  were  made  at  a  series  of  stations 
ranging  frem  Northern  Norway  to  the  Mediterranean.  Critical  frequencies  at  these 
stations  were  transmitted  by  telex  to  a  central  station  in  Germany  and  compared. 

For  warning  purposes  the  magnetic  variation  was  the  main  indication.  Long 

tern  forecasts  based  on  the  27  day  recurrence  were  also  made. 
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In  addition  a  rough  quantitative  forecast  (quiet,  moderate,  heavy 
disturbance)  was  devised  by  Kuhn  and  Rawer  for  high  latitude  circuits.  It 
was  broadcast  every  few  hours  on  long  waves  from  a  warning  centre  in  northern 
Norway.  Magnetic,  visual  auroral  and  ionospheric  observations  were  used  as  a 
basis  for  these  forecasts. 

(d)  In  Japan  an  extensive  network  of  ionospheric  stations  was  operated 
and  predictions  were  prepared.  The  Japanese  depended  upon  one  or  two  individuals 
to  do  extrapolations.  Nearly  all  circuits  were  to  points  south  of  Japan,  or  • 
between  points  in  southern  or  equatorial  regions.  For  these  reasons  no  disturbance 
warning  service,  comparable  with  tho3e  mentioned  above, was  ever  set  up.  (Bailey, 
1946). 


All  the  above  methods  used  essentially  the  same  indicators  but  the 
importance  placed  on  particular  indicators  varied  with  the  circumstances.  A 
novel  feature  was  added  by  RCA,  New  fork,  where  conjunction  and  quadrature  of 
the  planets  were  included  in  the  assessment.  (Nelson,  1951,  1952). 

A  meeting  in  Washington  in  April  1944  pooled  the  ef forte  of  British, 

American  and  Canadian  workers,  and  led  to  organized  information  services  for  exchange 
of  data  on  solar  activity,  magnetic  activity,  circuit  perfomance  and  to  forecasts 
which  were  promulgated  regularly  from  Washington.  These  forecasts  provided 
rough  quantitative  estimates  for  north  Atlantic  cenmunication  circuits  which 
skirt  tho  southern  edge  of  the  auroral  zone.  This  service  has  been  continued  since 
without  interruption  (Moore  1957).  A  similar  forecast  service  for  the  North 
Pacific,  from  Anchorage,  Alaska,  was  not  so  useful  duo  to  the  small  number  of 
high  priority  circuits  skirting  the  sensitive  auroral  zone  in  this  part  of  the 
world. 

4.  Indicators  Used  for  Forecasting 

The  forecasting  methods  have  used  the  following  techniques: 

1)  Daily  solar  charts  of  the  visual  sunspots,  flares,  prominences  and  other 
solar  perturbation  features  to  follow  their  progress  across  the  solrvr 
surface. 

2)  Correlation  of  the  position  and  time  of  appearance  on  the  sun  of  the 
solar  activity,  with  the  cenaencement  of  radio  comiunications  circuit 
disturbance  and  with  ionospheric  features  observed  at  ionosomde  stations 
in  various  parts  of  the  world. 

3)  Estimates  of  time  for  passage  of  disturbance  on  the  sun  tc  the  disturbance 
effect  in  the  earth's  atmosphere. 

The  three  main  geophysical  effects  observed  were: 

(a)  Sudden  Ionospheric  Disturbance  -  Birkeland's  (1908)  cyclo-median  storm 
the  Dellinger  (1937)  -  Mogel  (1930)  effect.  This  effect  is  simultaneous 
with  visual  solar  observations,  so  that  it  is  as  indicator  for  the  subsequent 
ionospheric  disturbance  effects.  It  is  most  intense  in  equatorial 

regions  near  the  subsolar  point  and  not  normally  seen  at  high  latitudes. 

(b)  Polar  Cap  Events  -  (Reid  and  Leinbach,  1959;  Collins,  Jelly  and  Mathews,  1961; 
Agy,  1957;  Holt,  1968).  A  radio  wave  absorption  phenomenon  occurring  in 

the  polar  regions  several  hours  after  the  solar  disturbance  due  to  arrival 
of  high  energy  particles  and  luting  from  several  minutes  to  one  or  two 
hours.  Solar  Radio  wave  outbursts,  as  well  as  visual  features,  have 
been  associated  with  these  events.  (Denisse,  1952)  (Simon,  1956)  (Hakura 
and  Goh,  1959). 

(c)  Auroral  Zone  Disturbance.  This  is,  of  course,  the  main  disturbance 
which  arrives  one  to  three  days  after  the  solar  event  and  which  causes 
our  radio  cornnunicati -ns  problem.  Although  the  disturbance  is  most 
frequent  aid  most  intense  in  auroral  belt  regions,  the  occurrence  of 
disturbance  effects  at  temperate,  equatorial  and  high  polcr  latitudes,  while 
less  frequent,  are  important  and  are  more  sporadic  both  temporally  and 
spatially.  (Vestine  et  al,  1947;  Keek  1952). 

(d)  Other  temperate  and  equatorial  disturbance  phenomena  are  reported  from 

time  to  time.  Explanation  of  them  is  often  associated  with  "wishful  thinking". 

The  practical  indicators  to  the  communicator  remained, 

1)  The  27  day  occurrence  effect. 

2)  Progress  of  observed  sunspots,  prominences  and  other  solar  features  across 
the  ran. 


3)  Early  detection  of  conmunication  circuit  deterioration  (amplitude 
and  bearing  of  the  signal). 

4)  Geomagnetic  field  variation. 

5)  Methods  of  continuous  measurement  of  frequency  range  availability, 
by  monitoring  several  frequencies  simultaneously  over 

specific  radio  conjaunications  circuits. 

5.  Discussion  of  Forecast  Methods 

The  principal  defeat  of  methods  based  on  solar  observations  was  that 
o^  could  not  forecast  the  quantitative  effect  or.  any  particular  comunication 
path  but  only  a  rough  picture  of  the  probable  state  of  the  earth's  ionosphere 
as  a  whole.  The  shortcoming  of  communications  circuit  monitoring  is  that  one 
merely  sees  the  disturbance  shortly  before  it  seriously  effects  circuits. 

One  cannot  make  a  quantitative  forecast  or  reliably  relate  the  observations 
to  other  circuits.  One  could  not  forecast  the  spatial  position  and  extent, 
intensity  or  longevity  of  a  disturbance  as  it  affected  a  communication  circuit. 

Nor  was  the  communicator  provided  with  information  which  would  allow  him  to 
prepare  to  make  the  mo3t  efficient  alternate  choice  (path  or  frequency)  on  which 
to  carry  out  his  communications . 

However,  the  wartime  effort  did  lead  to  recognition  of  the  main  features 
of  the  disturbances  affecting  3hort  wave  cantnuni cations .  The  ionosphere  wa3 
described  and  its  variations  estimated  statistically. 

6.  Post  War  Activities 


After  the  war,  and  with  the  readjustment  to  civilian  activities  the 
urgency  for  practical  radio  forecasts  decreased.  The  main  scientific  effort  was 
diverted  to  understanding  the  phenomenon.  However,  several  groups  had  by  this  time 
set  up  routine  methods  for  collating  ionospheric  data  and  high  frequency  radio 
conmunication  circuit  performance  in  order  to  issue  a  propagation  forecast  (e.g.  Moore,  1957). 

The  forecasts  have  been  made  available  regularly  and  they  have  been 
useful  for  evaluating  circuit  performance  in  retrospect  as  well  as  for  estimating 
the  future  conditions. 

The  forecasting  methods  have  been  "statistic8:'-oriented  and  actually 
semi-empirical.  The  combination  led  to  information  which  is  not  easy  to  apply 
practically  to  individual  circuits  with  more  reliability  than  a  good  radio  communication 
engineer's  accumulated  experience  can  provide. 

7.  Morphological  Studies 

A  number  of  workers  have  looked  at  the  state  of  the  ionosphere  morphologically, 
in  spite  of  the  too-large  separation  of  permanent  ionospheric  stations.  The 
early  work  of  Berkner  and  Seaton  (1940),  studying  foF2  variations,  was  noted 
above  as  was  the  observance  by  Rawer  in  Germany  during  the  war  of  the  north-south 
changes  in  the  ionosphere. 

Borin';  1948-49  a  mobile  ionospheric  magnetic-auroral  observatory  was 
operated  in  Can  da  between  Portage  la  Prairie,  Manitoba  and  Churchill.  This 
enabled  comparison  to  be  made  of  the  movement  and  intensity  of  ionospheric  phenomena 
with  movement  of  the  aurorae  during  disturbances,  previously  studied  by  Harang 
(1951)  and  others.  Meek  (1949)  gave  scr.ie  data  for  the  frequency  of  occurrence 
of  Sporadic  E  ionization  at  a  series  of  points  running  south  from  the  centre  of 
the  auroral  zone  and  on  the  speeds  of  motion  of  sporadic  clouds  in  the  range 
of  altitudes  100-300  km.  Lawrence  (1953)  plotted  Continental  maps  of  the  history 
of  four  ionospheric  disturbances.  Matsushita  (1959)  has  studied  the  maximum 
depression  of  foF2  with  geomagnetic  latitude  moving  south  from  the  auroral  zone. 

Morphological  plots  of  both  4 foF2  (deviation  of  foF2  from  the  monthly  mean) 
and  absorption  (rnmtber  of  hours  of  vertical  ionoscnde  blackout)  have  been  made 
for  selected  disturbances.  (Meek,  1952,  1957)  (Agy,  1957). 

An  important  step  in  morphological  plotting  was  made  is?  a  series  of 
Japanese  workers  who  prepared  hourly  hemispherical  charts  of  &foF2,  followed 
the  history,  expansion  arid  movement  around  the  world  of  the  radio  ionospheric 
disturbances  and  compared  them  with  the  geomagnetic  variations.  A  few  references 
are  as  follows:  N.  Fukushima  (1953)  T.  Sato  (1959)  T.  Obayashi  (1959,  I960) 

T.  Hakura  (1961). 


Several  workers  have  followed  Ionospheric  movements  through  adjacent  groups 
of  ionosonde  stations.  One  may  mention  the  F  region  travelling  waves  of  Munro 
(1950),  the  movement  of  spread  F  by  Agy  in  Alaska.  A  study  made  on  movement  of  Se 
in  the  United  States  using  aviation  radio  operator  observations  on  10  meters 
organized  by  0.  Ferrell  of  CQ  magazine  is  worth  noting  (Gerson,  N.  1951). 

A  detailed  study  of  selected  disturbances  was  carried  out  by  Meek 
(1953>  1954)  at  Saskatoon  in  order  to  determine  the  correlation  between  magnetic 
auroral  and  ionospheric  variations  throughout  the  history  of  each  disturbance. 

8.  Ionospheric  Disturbance  for  Forecasting  Purposes 

Referring  back  to  the  three  fundamental  ionospheric  disturbance  phenomena 
mentioned  in  section  3  above 

(a)  The  SID  is  at  present  unpredictable.  One  can  foresee  considerable 
detailed  study  of  the  sun  before  any  progress  will  be  made  in  forecasting 
the  birth  of  an  individual  activity  on  the  sun.  However  one  should 

be  able  to  relate  it  to  the  subsequent  polar  cap  event. 

(b)  The  polar  cap  event  as  an  absorption  phenomenon  is  treated  well  in  the 
literature  of  the  past  15  years.  One  cannot  yet  forecast  the  history 

of  a  particular  event  but  the  general  pattern  of  its  growth  and  expansion 
in  the  polar  region  ha3  been  described.  It  is  a  useful  precursor  for  the 
subsequent  long  duration  auroral  zone  distrubance. 

(c)  The  auroral  zone  disturbance  is  the  most  extensive  and  most  effective 
phenomenon  in  the  ionosphere.  It  has  been  recognized  longest  but  relatively 
little  progress  has  been  made  in  describing  its  history.  The  reason 

for  this  i3  of  course  due  to  the  fact  that  most  effort  has  been  spent 
on  the  statistics  of  the  observations.  The  statistical  picture  has 
proven  to  have  very  little  relation  to  an  individual  event.  Work  on 
some  aspects  of  the  individual  disturbance  problem  may  be  sumnarized 
as  follows: 

1)  The  magnetic  disturbance  is  adequately  described  by  Birkeland’s 
(1908)  model,  a  magnetic  field  is  Set  up  aro-nd  a  line  current 

of  limited  length  flowing  in  an  east-west  direction  in  the  ionosphere 
along  the  auroral  zone.  The  H  component  traces  out  a  positive 
or  negative  magnetic  lay  depending  upon  which  side,  north  or  south 
of  the  main  current  line,  the  observing  station  is  situated  and 
whether  it  occurs  during  the  evening  hours  or  early  morning  hours. 

The  intensity  of  the  disturbance  decreases  as  one  observed  it  from 
farther  south  or  north  of  the  main  current.  Harang  (1951)  described 
the  vertical  currents  associated  with  the  disturbance. 

2)  Literature  on  the  movement  and  extent  of  auroral  arcs,  curtains 
and  rays  are  found  in  several  references  (Harang,  1951;  Meek, 

1954;  Kim  and  Currie  1958).  The  latter  two  references  are  results 
frcm  all-sky  camera  series  of  photographs.  Until  the  advent  of 
all-sky  cameras  and  the  intensive  I GY  1957-1958  observations  the 
auroral  disturbance  was  identified  with  a  fictitious  statistical 
auroral  zone  belt.  The  excellent  work  of  T.N.  Davis  (1962)  and 
others  in  Alaska,  in  plotting  the  geographical  details  of  auroral 
displays  and  their  dynamics  has  increased  our  knowledge  markedly. 

As  examples  a)  the  "breakout"  probably  corresponding  to  a  sudden 
charge  influx  and  ionization  change  in  the  ionosphere  b)  the 
curling  northward  of  the  auroral  curtain  near  local  midndf^it 

c)  the  wave  movement  of  series  of  parallel  curtains,  north-south 
and  also  east-west.  All  these  give  us  recorded  details  of  ionospheric 
fine  structure  only  observed  visually  and  marvelled  at  before. 


3)  The  ionospheric  disturbances  have  been  well  "sampled"  at  hourly 
intervals  and  at  widely  spaced  stations.  The  local  studies  of 
movements  of  ionization  waves  and  Sporadic  T,  spread  F  will  be 
related  to  the  larger  disturbance  pattern  sooner  or  later.  E 
region  sporadic  ionization  has  been  studied  intensively  but  apart 
frcm  cloud  tracing  by  the  radio  amateur  program  mentioned  above 
our  detailed  knowledge  is  sparse. 


Good  work  has  been  done  using  ground  backscatter  by  way  of  the 
ionosphere  yielding  geographic  plots  of  E  and  F  region  disturbance 
events  (Villard  Peterson  and  Hanning,  1952)  and  a  number  of  radio 
operating  groups  have  used  ground  backscatter  to  aid  in  choosing 
"on-the-spot"  ccnmunications  frequencies.  The  method  is  yet  to 
be  properly  coordinated  with  other  ionospheric  studies. 

The  Alouette  satellites  have  turned  many  new  features  immediately  applicable 
to  radio  communications  problems.  One  should  mention  middle  and  high  latitude 
ionisation  troughs  (Kuldrew,  1965)  and  the  slope  of  the  ionisation  contours  (Nelms,  1966) 
but  there  are  many  others. 

Unfortunately  one  must  admit  that  with  all  the  detail  available  we 
have  not  yet  put  together  a  reasonable  model  for  the  ionospheric  disturbance. 

The  very  simple  model  which  I  presented  about  ten  years  ago  (Meek  1958) 
still  appears  to  be  a  good  starting  point  for  building  up  a  picture  of  an  auroral 
zone  disturbance  as  it  is  observed.  T.  repeat  the  figure  from  this  paper  here. 


Fig.  1  Model  of  a  single  auroral  zone  upper  atmospheric 
disturbance 


One  should  then  consider  an  auroral  zone  storm  made  up  of  a  number  of 
these  elements  overlapping,  their  geographical  positions  being  determined  by  the 
energy  and  intensity  or  the  charged  particle  influx. 


and  Conclusions 


Many  facts  about  ionospheric  disturbances  were  known  in  the  19th  century. 
During  the  1920's  and  1930’s  radio  disturbances  were  observed  but  not  understood. 
During  the  1940’s  empirical  disturbance  forecasting  without  understanding  was 
attempted . 


In  the  1950’s,  as  we  have  seen,  considerable  effort  was  put  into  studying 
the  detailed  history  of  individual  disturbances,  the  spatial  extent  and  movement 
of  the  abnormal  effects  and  the  correlation  of  the  radio-ionospheric  effects  with 
visual,  magnetic  and  cosmic  ray  effects.  In  the  1960's  the  Alouette  satellites 
have  increased  enormously  the  amount  of  data  available  and  have  led  to  an  outstanding 
improvement  in  our  understanding  of  the  morphology,  Doth  vertically  and  horizontally, 
of  the  upper  atmosphere .  We  have  acquired  a  considerable  insight  into  the  processes 
involved.  We  have  not  yet  been  able  to  track  the  solar  disturbance  to  its  final 
ionospheric  locality.  Pertinent  work  was  reported  at  the  URSI  XVI  General  Assembly 
August,  1969,  Ottawa  by  D.L.  Carpenter  "Seme  Recent  results  of  whistler  studies  of 
the  thermal  plasma  of  the  magnetosphere"  and  D.J.  McLean  "Solar  Mapping". 
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Li  this  paper  I  have  treated  only  the  "high  frequency"  ionosphere. 

This  does  not  aean  that  there  are  no  problems  due  to  ionospheric  disturbances 
for  communications  on  LF  or  VHP  frequencies.  The  fact  is  that  very  little  progress 
has  been  made  on  localizing  the  effects  in  these  frequency  bands.  The  problem 
has  been  overcome  largely  by  brute  force  methods  at  great  expense  in  increasing 
transmitter  power.  Such  methods  have  of  course  increased  the  interference  problems 
at  the  receiving  end  and  on  other  circuits.  There  are  still  seme  parts  of  the 
world  (such  as  northern  Canada)  where  economy  of  equipment  and  power  are  still 
important.  Much  study  is  required  to  understand  and  solve  these  problems . 

What  do  wa  really  know  about  the  intensity,  size  and  movement  of  waves, 
trough^  and  sporadic  ionization  clouds  at  all  altitudes?  What  are  their  influences 
on  long  distance  radio  coonruni cations? 

Finally  one  must  not  forget  the  probable  relation  between  ionospheric 
geomagnetic  disturbances  and  meteorological  variations  (e.g.  Woodbridge  et  al, 
1959).  The  latter  are  not,  in  fact,  better  understood  than  ionospheric  variations 
but  the  forecasting  methods  are  far  .n  advance. 

For  same  time  to  come  we  must  look  to  empirical  patterns  for  success 
in  our  forecasting  methods.  However  more  than  enough  data  exists  to  enable 
useable  patterns  to  be  outlined,  even  if  our  understanding  of  the  processes  is 
still  rather  vague. 
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SUtfrL'RY 

Shcrt-tam  Ionospheric  forecasting  Segan  In  1942  at  the  Interservice 
Radio  Propagation  Laboratory  of  the  National  Bureau  of  Standards.  The 
techniques  used  and  their  development  In  the  Western  Hemisphere  will  be 
discussed  up  to  the  beginning  of  the  computer-oil anted  types  of  forecasts. 


IONOSPHERIC  FORECASTING  IN  THE  UNITED  STATES  1942  -  1966 


J.  Virginia  Lincoln 


Ihe  first  attempts  at  systematic  forecasts  of  HF  radio  disturbance  In  the  U.S.  mere  under¬ 
taken  In  1941  by  the  National  Bureau  of  Standards  of  the  U.S.  Department  cf  Coonarce.  In  October 
1942,  with  the  establishment  of  the  interservice  Radio  Propagation  Laboratory  at  the  National 
Bureau  of  Standards,  which  was  later  to  become  the  Central  Radio  Propagation  Laboratory,  CRPL, 
a  weekly  "Advance  Forecast  of  Radio  Propagation  Conditions"  was  Issued.  These  forecasts  were 
done  in  collaboration  with  the  Department  of  Terrestrial  Magnetism  of  the  Carnegie  Institution 
of  Washington  where  forecasts  had  begun  in  March  1942  by  Shapley  [1046] .  The  forecasts  were  In 
the  form  of  a  number  for  each  of  five  zones  which  divided  the  world  by  latitude  from  the  polar 
zone  to  auroral  zone  to  subauroral  zone  to  the  equator..  A  r.uirtber  was  given  for  each  of  the  next 
r-e'en  days.  The  forecast  scale  was  from  1  representing  useless  radio  propagation  conditions  to 
9  representing  excellent  conditions.  This  scale  became  known  In  later  years  as  the  CRPL  radio 
quality  figure  scale. 

1  «  useless  4  =  poor-to-fair  7  =  good 

2  *  very  poor  5  =  fair  8  =  very  good 

3  =  poor  6  =  fair-to-good  9  =  excellent 

By  1944  It  was  determined  that  instead  of  five  zone  subdivisions  three  latitude  zones  sufficed. 

The  A-zone  was  the  polar  and  auroral  zone,  the  B  midlatitude  and  the  C  equatorial  (Figure  1). 

These  daily  quality  figure  forecasts  were  In  a  large  part  based  upon  reports  that  were  provided 
by  U.S.  military  units  stationed  worldwide. 

The  principle  of  27-day  recurrence  of  geomagnetic  activity  and  Its  association  with  radio 
propagation  disturbance  was  relied  upon  heavily.  This  was  In  the  descending  phase  of  cycle  17. 

The  accuracy  of  the  forecasts  was  enhanced  since  27-day  recurrence  is  strongest  during  this  part 
of  the  solar  cycle  and  there  were  well  established  patterns  as  shown  In  Figure  2.  Fortuitously 
In  those  years  there  was  In  addition  a  strong  relationship  between  the  appearance  of  a  bright 
peak  In  green  line  coronal  Intensity  at  east  limb  and  the  occurrence  of  a  geomagnetic  disturbance 
3-4  days  later.  Dally  reports  made  at  Climax,  Colorado,  by  the  High  Altitude  Observatory  of  the 
University  of  Colorado  were  telegraphed  to  the  National  Bureau  of  Standards  forecast  group.  These 
coronal  reports  were  one  of  the  major  tools  for  determining  the  forecasts  for  the  next  few  days. 

Persistence  was,  of  course,  relied  upon  for  the  next  day's  forecast.  If  a  storm  were  In 
progress,  the  probable  average  duration  of  storms  was  used  as  the  basis  for  the  forecast  for  the 
next  several  days.  In  1942-1944  the  disturbances  were  lasting  five  or  more  days  which  made  the 
forecasts  easier  to  make  and  more  accurate. 

By  February  1944  because  the  losses  of  planes  returning  to  the  United  Kingdom  from  bombing 
raids  over  Germany  could  be  traced  to  the  failure  of  direction  finder  equipment  to  guide  the 
planes  back  to  their  air  bates  during  geomagnetic  storms,  it.  was  determined  that  a  dally  short¬ 
term  forecast  should  be  Issued.  This  forecast  consisted  of  the  statement  "warning"  or  “no 
warning".  Even  If  It  were  not  always  an  advance  forecast.  It  was  found  valuable  to  Identify 
the  fact  that  disturbed  conditions  existed.  A  formal  "W"  or  “N"  was  issued  once  a  day  for  world¬ 
wide  Naval  Communications  use,  but  arrangements  were  made  with  two  of  the  coomunl cation  companies, 
RCA  and  AT&T,  to  telephone  the  daily  forecaster  at  any  hour  of  the  day  or  night  when  appreciable 
disturbance  was  noted  on  earth  current  recordings  at  their  Long  Island  receiving  sites,  or  if 
their  trans-Atl antic  messages  had  reached  less  than  commercial  quality.  If  a  warning  were  not  in 
effect,  then  a  dozen  or  more  communication  headquarters  offices  in  the  Washington  area  were  noti¬ 
fied  of  the  disturbed  conditions.  Thus,  operators  would  be  notified  that  deterioration  in  message 
transmissions  was  due  to  ionospheric  propagation  conditions  rather  than  equipment  failure.  Though 
sent  worldwide  the  warnings  were  designed  primarily  for  North  Atlantic  radio  paths,  or  paths  cross¬ 
ing  near  to  cr  through  the  northern  auroral  zone. 

In  the  months  after  sunspot  minimum  in  February  1944,  27-day  recurrence  became  unreliable  as 
a  means  of  forecasting  HF  radio  conditions  several  da^s  in  advance,  and  in  addition  the  coronal 
forecasts  were  proving  inaccurate.  Larger  sunspots  were  being  observed  and  more  solar  flares,  so 
tire  forecasts  were  based  on  the  work  of  H.  W.  Newton  [1943]  and  C.  W.  Allen  [1944],  Inis  meant 
that  disturbance  was  expected  at  the  central  meridian  passage  of  the  large  sunspots,  and  about 
2  days  after  major  flares  if  they  were  In  the  sun's  central  rone. 

For  warnings  of  deterioration  of  HF  conditions  a  few  hours  ahead  reliance  was  particularly 
placed  upon  observations  at  the  NBS  field  station  at  Sterling,  Va. ,  on  a  visually  recording  mag¬ 
netometer  which  recorded  the  horizontal  component  of  the  earth's  magnetic  field  or.  photographic 
printout  paper.  The  latter  was  unprocessed  and  faded  out  as  soon  as  removed  from  the  equipment, 
but  suddan  commencements  and  K-Indlces  could  be  estimated  in  real-time.  As  It  happens,  the 
correlation  tetween  ((-indices  from  the  Washington  area  and  the  planetary  Kp  is  very  high.  Thus, 
successful  HF  propagation  forecasts  for  disturbance  in  the  auroral  regions  were  based  upon  the 
observations  of  high  K-Indices  at  Sterling.  By  1945  it  was  also  noted  that  the  absolute  minimus 
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reached  on  the  H-component  trace  during  a  24-hour  period  could  be  used  to  determine  the  degree  of 
propagation  disturbance  to  be  expected.  Of  course,  this  mlnlimm  was  merely  s  rough  approximation 
of  the  Dst  of  the  main  phase  of  the  geomagnetic  storm.  The  deeper  the  main  phase,  the  more  seyere 
were  the  ionospheric  effects.  Visual  magnetometers  recording  all  three  components  on  permanent 
chart  recordings  were  developed  in  the  early  1950's.  Such  records  continue  to  be  roost  useful 
tools  In  evaluating  existing  or  anticipated  Ionospheric  conditions,  particularly  In  high  latitudes. 

In  the  first  months  of  1944  HF  direction  finder  monitoring  of  North  Atlantic  transmissions 
was  continuous  during  local  daylight  hours  at  the  NBS  field  station.  It  was  deterro^'ed  that  the 
onset  of  significant  disturbance  oyer  North  Atlantic  paths  —  or  paths  transiting  the  auroral 
zone  --  could  be  anticipated  by  these  observations.  Early  path  failure  or  complete  loss  of  signals 
was  Indicated  If  the  bearings  of  the  signals  from  Europe  sh.1'4»H  southwards  with  wider  and  wider 
bearing  swings.  Such  monitoring  was  indicative  of  rapid  fading,  •'d  there  was  usually  a  loss  of 
signal  intensity  as  well.  By  1949  when  the  field  station  was  manned  a  24-hour  basis,  HF  direc¬ 
tion  finding  was  used  around  the  clock  to  assist  In  forecasting  the  onset  and  severity  of  disturb¬ 
ance. 

With  the  expansion  of  U.S.  operations  In  the  Alaskan  area  It  was  felt  that  better  services 
could  be  furnished  by  establishing  a  North  Pacific  Radio  Warning  Service.  In  February  1951  such 
a  service  was  initiated  at  Anchorage,  Alaska,  becoming  officially  operational  In  October  1951. 
Advance  forecasts  were  made  for  the  North  Pacific  Area  and  short-term  forecasts  were  made  3  times 
a  day.  The  seasonal  effects  In  the  high  geographic  latitudes  did  not  make  every  six  hour  decisions 
critical,  and  available  manpower  could  more  readily  prepare  the  every  eight-hour  forecasts.  Here, 
too,  direction  finding  was  used,  and  In  October  1960  an  automatic  equipment  developed  by  K.  Mlya 
of  the  Japanese  KDD  Company  was  purchased  and  Installed  to  record  the  bearings  of  selected  trans¬ 
missions  graphically  permitting  the  bearings  to  be  followed  continuously  and  their  deviations  from 
normal  to  be  recognized  In  real-time. 

During  the  early  years  another  valuable  tool  was  the  yertlcal  Incidence  lonosonde  at  the  NBS 
Washington  field  station.  Visual  readings  were  made  hourly  and  plotted  for  comparison  with  the 
expected  monthly  medians.  Lower  foF2  critical  frequencies  and  Increased  f-nrin  were  disturbance 
Indicators.  The  onset  of  severe  disturbance  over  North  Atlantic  paths  was  probable  when  there 
was  a  large  enhancement  of  foF2  values  In  the  late  local  afternoon  hours.  At  Anchorage  blanketing 
sporadlc-E  out  to  a  high  frequency  was  found  to  precede  the  blackout  of  signals  on  polar  and 
auroral  paths,  and  was  thus  used  to  anticipate  by  a  few  hours  seyere  disturbance  In  those  regions. 

In  such  periods  visual  lonosonde  readings  were  made  frequently  In  order  to  follow  the  development 
of  the  disturbance. 

Field-strength  recordings  were  used  to  identify  abnormal  daytime  Ionospheric  absorption  and 
sudden  Ionospheric  disturbances.  In  1946  an  empirical  system  was  put  into  effect  for  forecasting 
the  probability  of  sudden  Ionospheric  disturbances  for  the  next  day,  since  commini cation  units 
were  experiencing  prolonged  outages  because  of  SID.  These  SID  forecasts  continued  until  1950 
and  were  begun  again  In  1955.  Field-strength  recordings  were  used  for  disturbance  Indicators, 
too,  by  monitoring  trans-auroral  zone  paths.  Frequencies  to  be  monitored  were  changed  at  the  . 
time  of  evening  failure,  and  early  failure  signified  disturbance.  In  ’959  at  Anchorage  fading 
rate  meters  were  also  Installed.  Anchorage  monitored  transmitters  broadcasting  continuously  from 
each  of  three  geographic  locations.  These  transmitters  were  on  two  frequencies  at  each  location, 
one  basically  a  day  frequency,  and  the  other  a  night  frequency.  The  transmitters  were  at  Thule, 

Adak  and  Seattle,  thereby  allowing  comparison  of  a  mostly  polar  path  to  one  skirting  the  auroral 
zone  to  one  mostly  subauroral . 

After  polar  cap  absorption  events,  PCA,  were  discovered  following  'Ire  great  west  limb  solar 
flare  of  February  23,  1956  [Bailey  1964J  it  was  found  worthwhile  to  have  the  hourly  yalues  of 
f-min  reported  to  Anchorage  from  the  Barrow  Ionosphere  Field  Station.  Continuous  blackout  could 
be  interpreted  as  the  possible  onset  of  a  PCA.  In  addition,  loss  of  the  HF  signal  from  Thule 
helped  to  confirm  PCA,  as  given  In  a  note  by  Hakura  and  Lincoln  [1963]  (Figure  3).  From  1957 
onwards  the  North  Pacific  Radio  Warning  Service  took  advantage  of  telephone  reports  from  the  Geo¬ 
physical  Institute,  College,  Alaska,  of  unusual  absorption  on  the  ricraeter  operated  by  Reid  and 
Lelnbach  [1959].  By  the  rlometer  It  was  possible  to  discriminate  PCA  from  auroral  zona  absorption. 
By  such  means  several  hours  advance  notice  was  given  for  the  onset  of  severe  geomagnetic  disturbance 
which  would  then  accompany  the  failure  of  HF  conmunl  cations  on  auroral  zone  paths.  Of  course, 
polar  paths  had  become  useless  with  the  onstv  of  the  PCA. 

The  Canadians  put  several  oblique  Incidence  Ionosondes  into  operation.  The  maximum  operational 
frequencies  over  the  selected  paths  were  clearly  apparent.  Therefore,  in  1958  CRPL  requested  and 
received  the  reception  reports  on  the  Ottawa  to  the  Hague  path  for  use  in  forecast  decisions.  CRPL 
itself  did  not  institute  any  oblique  Incidence  soundings  purely  for  the  use  of  the  North  Atlantic 
Radio  Warning  Service. 

It  was  also  known  that  the  severer  the  magnetic  disturbance  the  farther  south  propagation 
disturbance  would  be  found.  Gartlein  illustrated  this  same  relationship  by  the  southern  extent 
reached  by  auroral  displays.  He,  therefore,  sent  telegrams  to  the  forecast  center,  as  early  as 
1944,  whenever  he  observed  bright  auroral  displays  at  Ithaca,  New  York,  Indicating  the  southern 
expansion  of  the  auroral  zone.  Such  aurora',  displays  were  regularly  associated  with  poor  radio 
propagation  conditions  on  the  North  Atlantic  paths. 


§ 


: 

t 

[ 


2-3 


The  Canadian  Ionosphere  stations  made  nest  useful  dally  reports  which  provided  both  evalua¬ 
tion  of  the  forecasts  and  data  for  future  forecasts.  Vertical  Incidence  data  were  given  for  every 
six  hours  and  the  hours  of  reception  of  each  of  the  WWV  standard  frequencies  during  the  past 
24-hours  were  reported.  In  those  years  there  were  no  other  stations  on  the  WWV  standard  frequen¬ 
cies,  and  such  monitoring  provided  an  excellent  Indicator  of  the  range  of  useful  frequencies  over 
the  auroral  paths  Involved.  Other  yaluable  reports  were  by  the  U.S.  Coast  Guard  of  the  success 
of  their  hourly  contacts  In  Washington,  0.  C.,  with  the  weather  ships  located  In  the  North  Atlantic, 
by  the  U.S.  Amy,  U.S.  Navy,  F.C.C.,  Royal  Canadian  Air  Force,  Royal  Air  Force,  B.B.C. ,  C.B.C., 
R.C.A. ,  AT&T,  Mackay  Radio  and  Press  Wireless.  Their  reports  were  translated  into  CRPL  quality 
figures. 

Though  the  short-term  forecasts  had  developed  Into  successful  anticipation  of  disturbance  a 
few  hours  ahead,  or  In  quickly  identifying  the  degree  of  disturbance  and  Its  probable  duration, 
as  the  sunspot  cycle  rose  towards  maximum  In  1947,  the  advance  forecasts  glyen  for  several  days 
In  advance  were  relatively  inaccurate.  To  develop  new  techniques  In  1948  Reber's  160  KHz  radio 
noise  equipment  was  Installed  at  the  NBS  Sterling,  Va.,  Field  Station  to  follow  the  sun  and  study 
the  relationship  of  solar  radio  noise  bursts  with  other  solar-geophysical  phenomena.  In  the  early 
1950's  Denlsse  and  other  French  colleagues  showed  solar  regions  could  be  divided  into  "radio  noisy" 
and  "radio  quiet".  Simon  [1956]  showed  magnetic  disturbance  was  associated  with  the  central  merid¬ 
ian  passage  of  the  radio  noisy  spots.  Therefore,  solar  noise  reports  became  an  Important  input  to 
the  forecast  centers. 

There  were  many  more  Important  flares  than  there  were  disturbances  so  a  way  of  sorting  out 
the  flares  that  were  to  be  associated  with  geomagnetic  disturbance  was  needed.  In  1956  Helen  W. 
Dodson  and  E.  Ruth  Hedeman  at  the  McMath-Hulbert  Observatory  shared  their  work  [published  1958} 
that  showed  that  solar  noise  bursts  on  the  200  MHz  records  of  Cornell  University  could  be  associ¬ 
ated  with  solar  flares  regardless  of  their  position  on  the  solar  disk.  In  addition,  major  solar 
noise  bursts  were  followed  by  geomagnetic  disturbance  3-4  days  later.  This  meant  that  the  number 
of  false  alarm  forecasts  could  be  reduced.  Rather  than  optical  Importance  of  the  solar  flare  alone, 
one  should  know  the  accompanying  solar  radio  noise  effects.  Cornell  had  been  reporting  t/:eir 
observations  to  the  forecast  center  from  1953.  Wild  [1950]  had  begun  swept-frequency  spectral 
measurements  of  solar  radio  emissions  and  had  established  different  types  of  events.  The  now  well- 
known  Type  IV  continuum  bursts  were  found  to  be  followed  by  geomagnetic  disturbance.  After  the 
great  February  1958  geomagnetic  storr*  the  forecasters  became  more  knowledgeable  in  how  to  Identify 
probable  Type  IV  bursts  on  fixed  frequency  records.  Such  Identification  Is  necessary  since  real¬ 
time  reports  are  not  possible  from  the  typical  photographic  spectral  recording  systems.  Therefore, 
the  facsimile  sweep-frequency  equipment  developed  at  the  University  of  Colorado  by  Warwick  greatly 
helped  forecasters  to  Identify  Type  IV  bursts  occurring  during  Western  Hemisphere  daylight  hours. 

NBS  continued  fixed  frequency  observations  moving  their  radiometers  on  167  KHz  and  470  HHz  to 
Boulder,  Colorado  in  1952  where  they  operated  until  December  1960  and  Harch  1958  respectively,  to 
be  followed  by  108  HHz  through  1965  and  currently  by  184  HHz  observations. 

However,  since  tne  sun  has  events  on  a  24-hour  basis.  It  has  always  been  necessary  to  collect 
data  on  solar  events  at  the  forecast  centers  by  telegraphic  means.  Those  arrangements  were  mostly 
bilateral  until  the  International  Geophysical  Year  1957-1958  when  under  the  World  Days  Program 
universal  data  interchange  codes  were  adopted  [Annals  of  the  IGY,  Vol.  VII],  and  special  conmuni- 
cation  networks  were  established  between  Regional  Warning  Centers.  This  has  resulted  in  greatly 
Improved  daily  Interchange  of  sole'1  and  geophysical  data  on  a  worldwide  scale.  In  1962  the  Ursi- 
gram  Service  and  World  Days  Service  were  reconstituted  as  the  International  Ursigram  and  World 
Days  Service  (IUWDS).  It  is  under  the  aegis  of  IUWDS  that  this  International  cooperation  continues 
to  the  present.  The  current  system  is  explained  In  the  Synoptic  Codes  for  Solar  and  Geophysical 
Data,  Second  Revised  Edition  1969. 

Returning  to  specific  developments  in  the  CRPL  Radio  Warning  Services  in  the  U.S.  on  January 
15,  1946  the  category  "U"  for  unstable  was  added  to  the  dally  warnings.  The  "W"  and  "N"  warnings 
nad  been  put  onto  the  WWV  standard  frequency  broadcasts  in  January  1946.  The  decision  to  limit 
the  weekly  forecasts  to  the  North  Atlantic  area  took  place  in  1946.  In  June  1950  radio  propaga¬ 
tion  quality  figures  were  prepared  every  six  hours  over  the  North  Atlantic  path.  This  was  followed 
by  changing  the  short-term  forecasts  to  a  four-times-a-day  decision  in  February  IS'l.  The  forecast 
at  this  time  became  a  letter-number  combination:  the  letter  to  identify  conditions  at  the  time  of 
the  forecast,  and  the  number  for  the  conditions  to  be  expeoU-d  during  the  next  six  Lours  using  the 
CRPL  quality  figure  scale.  These  forecasts  were  put  onto  WWV  1r.  July  1952,  and  similar  forecasts 
continue  to  the  present. 

In  September  1951  the  advance  forecasts  returned  to  semi -weekly  as  27-day  recurrence  patterns 
were  being  reestablished  with  the  approach  to  sunspot  minimum.  A  new  Innovation  was  the  addition 
of  a  review  paragraph  discussing  the  possible  causes  of  observed  disturbances.  To  assist  operators 
in  interpretation  of  the  advanced  forecasts,  glossaries  of  terms  and  brief  statements  on  sun-earth 
relationships  and  radio  disturbance  forecasting  were  issued  periodically  from  1951  onward. 

Beginning  in  August  1958  a  supplementary  special  disturbance  warning  was  instituted  to  be  sent 
by  telegram  or  airmail  postcard  whenever  unexpected  disturbance  occurred,  or  if  an  outstanding  solar 
event  suggested  disturbance  would  occur,  and  obviously  had  not  been  known  of  at  the  time  of  tne 
regular  advance  forecast. 
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At  Anchorage  the  short-terra  forecasts,  letter-number  combination,  were  placed  on  WWSfH 
standard  frequency  transmissions  in  January  1954.  These  broadcasts  continued  until  November  1964, 
At  that  time  the  mission  of  the  Anchorage  field  station  was  changed  to  the  CRPL  High  Latitude 
Space  Environment  Monitoring  Station.  Though  radio  propagation  advice  was  giyen  locally  in 
Anchorage,  the  North  Atlantic  Radio  Warning  Service,  which  had  moved  to  Ft.  Belvoir,  Va.,  in 
1954,  took  over  responsibility  for  the  full  HF  radio  propagation  disturbance  forecasting  as  the 
CRPL  Forecast  Center.  At  Belvoir  their  advance  forecasts  were  relabelled  as  suitable  for  high 
latitudes,  and  were  evaluated  by  averaging  North  Atlantic  and  North  Pacific  radio  quality  figures 
which  continued  to  be  prepared  from  monitoring  in  each  of  those  areas.  In  October  1965  upon  the 
formation  of  the  Environmental  Science  Services  Administration  the  station  at  Ft.  Belvoir,  Va., 
was  named  the  Telecommunications  and  Space  Disturbance  Services  Center,  and  carried  on  the  same 
basic  functions  until  Its  transfer  to  Boulder,  Colorado  In  July  1968. 

In  February  1956,  to  relieve  the  distribution  load  at  Ft.  Belvoir  and  Anchorage,  a  Geomagnetic 
Forecast  for  General  Users  was  prepared  at  Boulder,  Colorado,  for  dissemination  In  particular  to 
communication  headquarters  personnel  or  to  radio  amateurs.  A  simple  GEOCAST  telegram  forecast  one 
of  three  levels  of  magnetic  activity  and  was  sent  daily  to  Antarctica  beginning  April  1958  to  be 
used  as  a  forecast  of  probable  disturbance. 

For  the  NASA  communications  circuits  used  for  Project  Mercury  —  the  first  U.S.  man-in-space 
program  —  quality  figure  forecasts  together  with  average  usable  frequency  ranges  were  predicted 
for  each  of  the  separate  HF  radio  paths  during  missions  beginning  in  1959.  These  were  the  first 
steps  towards  attempting  a  quantitative  frequency  forecast  on  a  short-term  basis. 

It  has  been  difficult  to  compress  the  work  of  more  than  twenty  years  in  ionospheric  forecast¬ 
ing  in  the  United  States  In  this  paper.  It  is  to  be  hoped  that  the  major  developments  and  tech¬ 
niques  have  been  covered  by  this  review. 
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Figure  1  Zones  used  for  CRPL  Advance  Forecasts 
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Figure  2  27-day  Recurrence  of  Magnetic  Activity  June  22,  1942  to  January  22,  1945  (after 
Shapley  1946) 
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Figure  3  Polar  Cap  Absorption  Detected  by  Thule-Anchorage  Circuits  July  11-15,  1961 
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KEYNOTE  SESSION 

VIEWS  TOWARD  FORECASTING 
T.  R.  Harts 

Communications  Research  Center 
Department  of  Communications 
Shirley  Bay,  P.  O.  Box  490,  Terminal  A 
Ottawa  2,  Ontario,  Canada 


The  topic  of  this  symposium  is  Ionospheric  Forecasting.  When  I  became  involved  in  plans  for  the 
program,  I  soon  found  that  forecasting  meant  different  things  to  different  people.  Those  who  are  using, 
or  attempting  to  use,  forecasts,  and  those  who  are  engaged  in  producing  them,  do  not  share  the  same 
concept.  I  also  found  an  inherent  reluctance  on  the  part  of  persons  in  one  discipline  to  speak  critically 
of  something  from  another  discipline  that  they  didn1 1  understand  too  well.  Needless  to  say,  I  was  not 
alone  in  my  observations,  and  the  program  committee  felt  it  most  desirable  to  encourage  a  frank 
dialogue  and  exchange  of  ideas  between  the  participants  at  this  meeting.  In  so  far  as  it  is  possible,  we 
wish  to  set  a  discussion  atmosphere  for  the  whole  symposium,  not  only  in  the  formal  sessions  in  the 
conference  room,  but  in  the  informal  intervals  as  well.  We  would  like  to  see  a  continuing  discussion 
throughout  the  whole  week  here  at  Gray  Rocks. 

This  Keynote  Session  is  an  attempt  to  stimulate  this  type  of  discussion.  In  it  we  present  five 
different  points  of  view  toward  ionospheric  forecasting  as  an  introduction  >.o  the  more  detailed  sessions 
that  will  follow.  The  five  speakers  have  been  asked  to  present  some  rather  extreme  and  contending 
view  points.  Each  presentation  will  be  limited  to  ten  minutes,  so  that  the  speakers  will  not  be  able  to 
include  all  the  qualifications  and  justifications  they  might  otherwise  have  wished.  Furthermore,  I  have 
not  provided  time  within  this  particular  session  for  any  discussion;  I  invite  you  all  to  find  time  in  the 
next  four  days  to  discuss  these  topics  thoroughly,  along  with  any  others  that  you  might  wish.  We  feel 
that  the  symposium  cannot  be  a  success  without  a  full  dialogue  on  all  aspects  of  ionospheric  forecasting. 
The  points  of  view  to  be  presented  are: 

(1)  Though  there  can  be  no  doubt  as  to  the  desirability  of  short -term  forecasting  of  ionospheric 
conditions  for  communication  purposes,  the  most  serious  limitation  of  any  system  involves 
getting  reliable  forecasts  to  the  operators  in  a  suitable  form  and  within  a  short  enough  time 
scale  that  they  can  adapt  their  operations  to  the  information.  (R.  K.  Salaman) 

(2)  At  present  sufficient  routine  observations  of  the  sun  are  being  made  and  enough  is  known 
about  solar  -terrestrial  relationships  that  fairly  reliable  forecasts  can  be  made  of  gross 
ionospheric  disturbances  and  storms.  (P.  A.  Simon) 

(3)  At  present  enough  monitoring  of  the  ionosphere  is  being  done  on  a  global  basis,  though  not 
necessarily  always  at  the  best  locations,  that  short-term  forecast  of  ionospheric  propa¬ 
gation  conditions  depend  on  pattern  recognition  of  a  semi-empirical  nature.  (J.  H.  Meek) 

(4)  The  inflexibility  of  communication  circuits  and  terminal  equipment,  the  difficulties  that 
attend  the  efficient  management  of  the  frequency  spectrum,  and  the  limited  skill  and 
experience  of  many  operators  tend  to  jeopardize  the  value  of  forecasts  for  all  but  a 
rather  special  class  of  communication  systems.  (B.  A.  Beckmann) 

(5)  Modern  technological  developments,  such  as  automatic  adaptive  communication  systems, 
largely  obviate  the  need  for  ionospheric  forecasts.  (W.  L.  Hatton) 
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CONTRIBUTION  OF  THE  SOLAR  ACTIVITY  FORECAST  TO  THE 
SHORT  TERM  FORECAST  OF  THE  IONOSPHERE 

P.  Simon 

Observatoire  de  Meudon,  92  Meudon,  France 


During  the  last  decade  the  reliability  of  the  solar  activity  forecast  has  definitely  increased.  This 
improvement  is  related  to  the  contributions  of  solar  radio-astronomy,  to  the  study  of  the  solar 
magnetic  field,  to  new  material  obtained  by  satellites  {X-ray,  particle  flux,  etc)  and  to  a  good 
monitoring  of  the  solar  activity. 

The  prediction  of  solar  activity  consists  mainly  of  an  evaluation  of  the  existing  solar  activity,  a 
prediction  of  the  evolution  of  each  active  center  and  a  forecast  of  solar  events.  For  a  forecast 
just  one  day  in  advance,  the  success  is  about  80%  i.  e.  the  reported  solar  activity  coincides 
exactly  with  the  forecast  for  80%  of  the  active  centers. 

The  exchange  of  data  between  the  regional  centers  in  which  forecasting  is  done  is  carried  out  for 
the  most  part  through  the  International  Ursigram  and  World  Day  Service  (IUWDS).  As  the  secretary 
of  this  organization  1  have  visited  most  of  the  forecasting  centers.  In  each  center  they  begin  with 
a  forecast  of  solar  activity  in  order  to  build  up  their  ionospheric  forecast.  Unfortunately,  1  must 
say  that  the  material  used  for  it  is  very  poor:  we  use  mostly  the  observations  made  at  the  Observa¬ 
tory  and  the  reported  data  are  only  complementary  materials;  i.'i  these  centers,  they  use  mostly 
reported  data  and  the  local  data  are  not  sufficient  for  the  issue  of  a  forecast.  It  is  a  great  pity: 
they  would  gain  definitely  in  efficiency  using  the  solar  forecast  issued  by  solar  astronomers  for 
their  ionospheric  purpose.  It  would  also  lighten  the  heavy  traffic  of  so  much  useless  data 
traveling  on  the  IUWDS  network. 

Another  comment  is  the  complementary  aspect  of  the  last  remark.  We  issue  the  solar  activity 
forecast  according  to  the  scientific  possibilities  and  in  terms  of  solar  activity  but  we  are  not 
certain  that  this  form  is  the  best  for  the  ionosphericists.  We  would  appreciate  receiving  their 
comments  in  order  to  issue  it  according  to  the  best  criteria  for  ionospheric  prediction. 


CAN  THE  COM  MONICA  TOfl  OBTAIN  USEFUL  IONOSPHERIC  FORECASTS? 


Roger  K.  'ilia man 

Institute  for  Telecommunication  Sciences 
Environmental  Science  Services  Administration 
Boulder,  Colorado  80302  U.S.A. 

In  the  past  4  years,  I  have  had  the  opportunity  to  visit  a  number  of  communication  centers 
around  the  world.  In  most  cases,  I  found  that  forecasts  of  radio  quality,  and  even  the  monthly 
median  MUF-LUF  predictions,  were  seldom  used  for  operations.  The  quality  forecasts  were  con¬ 
sulted  to  determine  if  the  actual  circuit  outages  were  due  to  propagation.  The  monthly  median 
predictions  were  used  only  in  setting  up  a  now  circuit. 

These  were  operational  sites,  where  receivers  were  tuned,  traffic  was  multiplexed,  and  HF 
terminal  equipment  stood  next  to  troposcatter,  microwave,  and  satellite  equipment.  The  circuit 
controllers  were  interested  in  obtaining  HF  forecasts  that  could  improve  circuit  reliability.  How¬ 
ever,  they  did  not  sufficiently  understand  propagation  to  know  what  could  be  obtained.  When  they 
had  trouble  with  a  troposcatter  or  satellite  circuit,  they  consulted  the  appropriate  technical  repre¬ 
sentative.  When  they  unexpectedly  lost  an  HF  circuit,  they  hunted  at  random  fer  a  frequency  and 
often  reluctently  settled  on  the  frequency  that  worked  yesterday,  only  to  wait  until  it  "came  in. " 

When  a  controller  consults  the  radio  quality  forecast,  it  mighr  say  W4  -  disturbed  coaditiens, 
poor  to  fair.  But  what  he  wants  to  know  is  what  he  can  do  about  it.  Should  he  move  up  or  down 
in  frequency?  How  long  will  the  disturbance  last?  Shouldn1 1  he  be  able  to  consult  an  HF  propa¬ 
gation  for  ecaster  -  even  if  that  forecaster  is  located  far  from  the  station?  Couldn't  a  disturbance 
Alert  signal  be  broadcast  simultaneously  from  stations  throughout  the  world  (possibly  operating  at 
VLF),  which  would  activate  a  warning  light  in  the  operations  center? 

Do  wc  know  enough  to  facilitate  thin  procedure?  Can  we  really  help  the  communicator  during 
a  disturbance?  Do  we  understand  the  interaction  of  solar -geophysical  eventB  and  propagation 
effects  ?  Is  it  possible  to  provide  the  communicator  with  the  percent  change  in  MUF  and  LUF  - 
relative  to  the  monthly  median  predictions,  the  amount  of  attenuation  for  a  specific  flare,  the 
probability  of  a  magnetic  storm  and  its  effect?  Shouldn't  we  be  approaching  the  time  when  we  can 
predict  the  flare  itself  -  even  if  only  a  few ’minutes  in  advance?  For  the  more  sophisticated  sys¬ 
tems  of  today,  we  must  also  be  able  to  forecast  the  magnitude  of  unusual  phase  and  frequency 
perturbations. 

In  Southeast  Asia,  we  tried  for  several  months  to  use  vertical  incidence  data  in  near -real 
time  to  forecast  specific  circuit  MUF' s.  However,  it  took  many  hours  to  communicate  these  data 
to  a  central  location,  and  the  forecasts  were  little  better  than  using  persistence  alone.  It  would 
probably  have  been  more  useful  for  the  communicator  to  record  the  signal  strength  over  his  actual 
communication  circuit,  and  the  noise  and  interference  on  an  adjacent  frequency  to  determine  when 
he  will  "lose"  his  operating  frequency. 

What  we  learned  from  thiu  experiment  was  that  it  is  not  worthwhile  trying  to  forecast  conditions 
that  can  better  be  obtained  by  the  communicator.  A  continual  updating  forecast  of  the  monthly 
median  MUF-LUF  predictions  will  have  little  impact  if  we  cannot  forecast  the  onset  of  significant 
flare  and  magnetic  storm  induced  disturbances  with  reasonable  accuracy. 

An  effort  must  be  made  to  establish  priorities  on  the  parameters  to  be  forecast,  based  on  the 
telecommunicator' s  requirements,  and  not  the  researcher' s  interest.  A.  balance  must  also  be 
maintained  between  what  can  be  forec#  st  remote  from  the  communication  system  and  what  can  be 
better  obtained  by  the  communicator  himself. 

What  is  needed  in  communication  forecasting?  First,  it  is  necessary  to  distribute  forecasts 
of  impending  and  occurring  disturbances  immediately  and  directly  to  the  operators  of  ionospheric 
systems.  Pcssibly,  this  can  most  economically  be  done  by  worldwide  broadcasting  of  a  warning 
signal  that  can  be  received  by  everyone. 

Second,  it  is  necessary  for  the  communicator  to  be  able  to  relate  the  disturbance  to  bis  own 
communication  system  characteristics  and  geographic  location.  The  communicator  mus‘,  then 
balance  the  cost  of  obtaining  this  information  from  a  regional  forecast  center  against  the  time  he 
has  to  perform  his  own  interpolation.  For  important  communication  systems,  it  appears  reason¬ 
able  to  establish  teletype  communications  to  a  central  forecast  center  during  critical  times,  or 
even  to  maintain  full-time  leased  lines. 


Third,  the  con'jtx'unicater  must  be  able  to  relate  hie  outages  £<-■  act-ial  propagation  corJttion# 
in  <*  form  applicable  to  communication  system  anf'ysi*. 

v-s  V  - 

I  hope  that  during  this  symposium  the  papers  *,:  i  ba  discus  cad  in  terras  of.  the  cccnrou-.lcator’s 
requirements  on  these  three  points.  - ' 
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NEW  PATTERNS  FROM  OLD  DATA  FOR  A  WORKABLE  FORECAST 

by 

J.  H.  Meek 

Defence  Research  Board 
Ottawa  4,  Canada 

1.  The  amount  of  data  is  overwhelming 

We  have  been  asking  radio  measurements  of  the  ionosphere  regularly  and  on  a  routine 
basis  since  about  1935.  and  quite  intensively  since  1945.  at  over  150  observing  stations. 

This  means  that  there  are,  according  to  my  rough  calculations,  more  than  2  x  10®  ionograms 
In  existence  from  the  regular  stations  and  many  additional  special  sets  of  observations 
(for  example  IOf). 

Those  ionsgras  have  been  superficially  scanned  and  scaled  for  a  few  features, 
according  to  rules  decided  upon  25  years  ago.  There  is  a  wealth  of  information  yet  to  be 
got  out  of  the  data,  information  which  cannot  be  obtained  from  the  tabulated  scalings. 

Due  to  the  overwhelming  mass  of  observations  we  seem  to  have  lost  the  ability  to  study 
data  thoroughly.  There  are  many  scientists  who  are  happy  to  skim  the  surface  and  talk  about  the 
interesting  now  features  in  a  superficial  way.  It  is  more  difficult  to  find  persons  who  are  happy 
to  work  methodically  through  the  data  in  order  to  confirm  the  intuitive  discoveries. 

There  is  enough  information  available  today  to  devise  a  method  of  ionospheric  forecasting, 
by  study  of  the  data  and  application  of  the  present  knowledge  of  ionospheric  processes  and 
morphological  changes. 

2.  The  ccwBunicator  has  lost  faith 

The  ccnauntcntors  have  supported  our  ionospheric  research  efforts  for  25  yeara.  We  have 
not  satisfied  their  requirements  -  many  have  given  up  hope  and  have  turned  to  expensive  alternative 
systems  such  as  tropospheric  scatter,  ionospheric  scatter  and  satellite  ccraminications.  We  may 
be  too  late  to  help.  Pursuit  of  eons  of  our  basic  studies,  say  for  example  the  cause  and  distribution 
of  he*  in  the  upper  atmosphere  -  while  important,  cannot  be  expected  to  arouse  the  sympathy  of  the 
comaunicator. 

Admittedly  we  have  provided  monthly  predictions  which  are  useful  for  general  planning 
purposes.  Sven  there  we  have  failed  to  provide  useful  information  on  the  variation  about  the 
Monthly  averages,  of  the  useable  frequency  range  for  the  conmranicator. 

The  coamunicator  needs  to  knew  what  frequency  range  will  be  available  to  him,  say  tomorrow 
at  9.15  aot.,  on  several  specific  circuits.  Fe  has  been  waiting  20  years  for  us  to  come  up  with 
a  useable  forecast.  The  best  we  have  provided  is  a  rather  qualitative  quality  figure  for  the  North 
Atlantic  sub 'auroral  sane  circuits.  This  is  based  on  observations  which  hopefully  detect  the  radio 
circuit  degradation  before  it  becomes  serious  to  the  ccmsunicator.  He  can  do  about  as  well  himself, 
xi.'  does  not  gain  much  by  feeding  hie  information  to  a  warning  centre  to  have  it  returned  to  him 
in  altered  form  after  a  few  hours  delay. 

3.  Bxnlrlcal  methods  provide  the  answer 

At  this  stage  we  still  cannot  trace  the  disturbance  from  ite  first  outburst  on  the  surface 
of  the  sun  to  its  final  local  resting  places  in  the  earth’s  ionosphere .  Until  we  make  some  progress  in 
fallowing  the  disturbance  through  the  magnetosphere  down  into  the  ionosphere  reflecting  regions, 
we  shall  have  to  be  content  with  empirical  methods. 

We  must  attempt  to  pick  out  patterns  of  change  and  movement  in  our  data  -  empirically. 

The  analogy  which  is  quite  valid  is  that  of  the  "breakthrough"  in  meteorology. 

At  the  beginning  of  the  century  meteorological  forecasting  consisted  of  detecting  lew 
pressure  areas  and  estimating  their  progress  across  country  according  to  likely  paths  based  on 
accucolated  statistics.  The  weather  forecast  likewise  was  based  on  statistical  distribution  of 
cloud  type  and  precipitation  around  the  centre  of  low  pressure.  This  was  quite  unsatisfactory. 

Y  .ana  J.  Bjerknes  (1918-21)  studied  the  weather  patterns  empirically.  By  sequential  comparison 
of  synoptic  maps  a  significant  "breakthrough"  wae  achieved  and  one  could  make  a  real  forecast 
of  weather  for  a  time  and  for  a  locality.  We  are  awaiting  the  "Bjerknes"  of  the  ionosphere. 

4.  The  Synoptic  Ionosphere 

/,  group  of  Japanese  workers  -  Fuhushua,  Obayashi  and  others,  have  plotted  sequential 
synoptic  maps  shewing  the  movements  of  the  ionospheric  critical  frequency  deviations  from  average. 

These  have  been  related  to  other  geophysical  phenomena.  The  work  has  not  been  carried  through  to 
produce  a  result  useful  to  the  communicator. 
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5.  Statement  of  ths  project 

This  type  of  analysis  should  be  pursued.  It  should  lead  to  empirical  patterns  useful 
for  estimating  radio  cosuunication  frequencies  over  specific  paths  at  specific  times.  It  should 
propose  the  setting  up  of  special  observing  stations  for  following  the  ionospheric  movements  (not 
necessarily  further  multifrequency  ioncsonde  stations).  It  must  determine  the  geographic  pattern 
of  these  stations  which  is  optimum  for  the  purpose.  It  must  consider  tho  cuanunication  of  the 
information  from  the  station  to  an  analysis  centre  and  subsequent  dissemination  of  information 
to  the  user .  It  must  be  simple  -  not  neceesarily  aciejitifically  critic-proof.  It  must  be  aimed 
at  the  conaunications  user  rather  than  the  researcher. 

6.  The  challenge 

Using  presently  available  ionospheric  and  radio  coemunications  data  to  determine  the 
patterns  and  trends,  I  believe  that  a  small  dedicatee  group  of  analysts  could  turn  out  within  o 
year,  a  workable  system  for  a  useable  quantitative  high  frequency  ionospheric  forecast. 


Who  is  going  to  do  it? 


LIMITATIONS  OF  FORECASTING  APPLICATIONS 


B.  Beckmann 

Fernmeldtechnisches  Zentralamt  33 
61  Darmstadt,  Federal  Republic  of  Germany 


A  clumsiness  with -the  operation  of  radio  circuits  ard  the  use  of  transmitting 
hnd.receiving  equipment  condsts  in  the  fact  that,  once  in  use,  an  operating 
frequency  is  used  as  long  as  possible  in  order  to  ensure  that  but  few  changes 
to  other  frequencies  become  necessary.  This  is,  however,  indispensable  if  the 
8ignal-to-noise  ratio  drops  below  the  minimum  value  required  for  this  type  of 
service  or  if  interference  is  recorded.  In  both  cases  an  increasing  degree  of 
distortion  is  to  be  observed  which  today  can  be  supervised  by  means  of  appropria¬ 
te  distortion  meters  that  allow  conclusions  to  be  drawn  whether  or  not  a  change 
of  frequency  is  necessary. 

A  number  of  operation  engineers  who  work  at  the  radio  stations  of  the  Deutsche 
Bundespost  are  of  the  opinion  that  once  the  introduction  of  distortion  meters 
into  the  fixed  radio  services  will  have  been  accomplished,  the  short-time  fore¬ 
casts  can  be  dispensed  with.  The  switching  operations  which  become  necessary 
whenever  a  change  of  frequency  is  effected  can  he  greatly  accelerated  today 
owing  to  the  use  of  automatic  remotely  controlled  transmitting  and  receiving 
equipment. 

Now,  if  for  instance  due  to  the  out-time  attributable  to  the  ionospheric  reflec¬ 
tion  conditions,  such  a  switching  operation  becomes  necessary  somewhat  earlier 
than  is  normally  the  case,  and  if  the  operation  engineer  has  a  disturbance  fore¬ 
cast  at  his  disposal,  he  will  know  that  Ibis  switching  operation  occurred  in  reac¬ 
tion  to  the  influence  of  this  disturbance.  However,  especially  if  he  ia  not  parti¬ 
cularly  skilled  and  experienced,  he  will  then  try  to  be  advised  which  frequency 
range  in  this  specific  case  of  disturbance  is  still  available  for  a  circuit.  The 
usual  formerly  provided  information  contained  in  a  foreoast,  that  is,  falling 
average  field  strength  accompanied  by  increased  or  decreased  HOP  and  DU?  can, 
at  the  utmost,  indicate  the  direction  in  which  the  change  of  frequency  would  have 
to  be  done.  The  data,  taken  for  themselves,  represent  already  details  which  do  not 
all  follow  from  the  imminent  occurrence  of  a  disturbance  owing  to  special  solar- 
terrestrial  events.  They  also  require  a  thorough  knowledge  of  the  course  of  the 
ionospheric  storm  which  may  vary  in  time  and  location  and  of  its  varying  effects 
on  the  frequencies  of  radio  circuits  of  different  directions  and  lengths.  The  out¬ 
look  of  the  course  of  ionospheric  disturbance?  could  be  determined  from  the  world¬ 
wide  notwork  of  ionospheric  stations  by  means  of  actual  diagram-like  presentation's 
of  real-time  measuring  values  A  foP2  andAfmir,»  provided  that  a  quick  transmission 
of  data  is  possible.  Its  evaluation  concerning  the  influencing  of  certain  radio 
circuits  will,  however,  not  always  be  unambiguous  since  deviations  from  the  great 
circle  due  to  iono-  and  ground  scatter  or  side-scatter  modes,  respectively,  may  occ¬ 
ur.  In  the  case  of  more  pronounced  disturbances, these  deviations  determine  to  a 
considerable  extent  the  everts  in  the  still  possible  transmission  frequency  range  and 
must  therefore  be  taken  into  account  when  deciding  on  radio  operation.  For  this 
reason  it  will  not  be  possible  to  do  without  systematic  field  strength  recordings. 

The  efficient  use  of  the  frequency  spectrum  will,  irrespective  of  the  actually 
available  frequencies,  depend  on  an  unambiguous  advice  concerning  the  frequency 
spectrum  appropriate  in  each  case. 

The  aim  should  be  the  prediction  of  such  characteristic  operational  parameter  as 
UUP,  LDP,  sigral-to-noise  ratio,  fadi.g  and  distortion.  A  routine  extrapolation  in 
time  of  theee  parameters  would  probably  bring  us  nearer  to  this  aim.  To  study  these 
problems  will  be  the  task  of  a  newly  created  Working  Group  of  the  C.C.I.R. 

Since  the  differentiated  effect  of  the  ionospheric  disturbance  on  certain  radio 
circuits,  or  else  the  specification  of  the  respective  operational  parameters  requi¬ 
red,  are  subject  to  another  probability  than  is  the  occurrence  of  a  ionospheric 
disturbance  die  to  solar-terrestrial  events,  only  a  more  coarse  approximation  will 
be  possible  on  the  basis  of  such  a  forecast.  Skillet)  and  experienced  operation 
engineers  who  have  received  the  respective  expert  training  can,  however,  consider¬ 
ably  increase  the  benefit  of  such  forecasts  by  means  of  their  logical  application. 
Because  of  the  clumsiness  of  the  operational  pare  rf  the  service  and  because  of  the 
limited  availability  of  alternative  frequencies  r:iy  success  will  of  course  always 
be  kept  within  certain  cinfines. 
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IS  THERE  A  NEED  FOR  IONOSPHERIC  FORECASTING 


THE  IMPACT  OF  ADAPTIVE  SYSTEMS  ON  FORECASTING 
W.  L.  Hatton 

Communications  Research  Center 
Department  ol  Communications 
Shirley  Bay,  P.  O.  Box  490,  Terminal  A 
Ottawa  2,  Ontario,  Canada 

When  asked  to  speak  in  this  keynote  session  on  ionospheric  forecasting,  I  expressed  the  view 
that  the  use  of  adaptive  strategies  and  modern  equipment  obviated  the  need  for  ionospheric  forecasting. 

(If  I  wished  to  be  really  controversial,  at  this  point,  I  would  suggest  that  there  is  no  need  for 
thes  meeting  and  move  its  adjournment).  However  before  1  reach  this  point,  I  ask  myself  what  I  mean 
by  saying  that  forecasting  is  not  required.  From  this  question  I  arrive  at  a  remarkably  simple  answer. 
If  you  look  upon  the  complete  communication  system  and  the  environment  as  components  of  a  single 
adaptive  feedback  system,  the  interaction  of  the  environment  and  the  system  can  be  related  to  the  time 
constant  of  the  system  and  the  time  constants  of  the  environment. 

If  the  time  constant  of  the  system  ’3  much  smaller  than  that  of  the  environment  the  system,  by 
suitable  design  can  follow  the  variations  of  the  environment. 

We  can  now  build  systems  with  time  constants  smaller  than  that  of  the  environment.  QED  fore¬ 
casting  is  not  required. 

If  the  system  time  constant  is  larger  than  .  _ai  of  the  environment,  all  you  can  do  is  make  a 
statistical  estimate  of  the  environment.  This  estimate  will  have  a  variance  which  increases  to  some 
maximum  value  over  the  correlation  interval.  The  sensitivity  of  the  system  performance  to  this 
variance  will  determine  the  utility  of  the  forecast. 

I  will  now  briefly  review  the  typical  time  constants  of  the  environment  and  systems  to  show  how 
their  relative  position  has  recently  changed. 

The  time  constants  of  the  environment  are  measured  in  years  for  sunspot  cycle  variations, 
months  for  annual  variations,  hours  for  diurnal  variations,  minutes  for  SID' s  and  seconds  for  fine 
grained  structural  changes  of  the  ionosphere. 

In  communication  systems  in  the  past,  we  have  had  time  constants  of  years  enforced  on  us  by 
regulation  and  of  seconds,  minutes,  hours,  days  and  even  months  by  equipment  design.  Consequently, 
systems  of  the  past  have  been  unable  to  do  better  than  to  use  statistical  estimates  of  the  environment. 

A  modern  adaptive  communication  systems,  such  as  the  MUFFIN  system,  has  a  response  time 
of  milliseconds,  three  orders  of  magnitude  improvement  over  the  past  systems.  Means  to  overcome 
the  regulation  time  constant  are  in  the  hands  of  all  government  users  and  most  commercial  users. 
Therefore  there  i3  no  reason  why  complete  adaption  to  the  environment  is  not  possible. 

In  some  systems,  such  as  manned  spaced  systems,  the  system  time  constant  may  be  measured 
in  days,  in  this  case  adaption  to  short  term  variations  of  the  envirohment  may  be  impossible. 

Before  I  leave,  I  will  briefly  review  how  MUFFIN,  an  adaptive  system  works.  The  system 
automatically  measures  system  performance;  if  the  frequency  in  use  fails  an  automatic  search  for 
a  good  frequency  takes  place  and  communication  is  continued  after  only  a  momentary  interruption. 

For  telephone  operation  only  a  click  may  be  observed;  for  teletype,  transmission  could  be  held  up 
for  one  character.  The  added  advantage  of  simplicity  is  gained  also  in  as  much  a*  the  only  operator 
control  would  be  an  ON-OFF  switch. 

It  may  be  said  for  some  complex  systems  that  a  more  difficult  problem  exists  but  since  these 
more  complex  systems  can  be  considered  to  consist  of  a  combination  of  single  links,  each  with  a 
response  time  of  milliseconds,  all  that  is  required  in  a  interacting  computer  control  with  fast  response 
to  optimize  the  total  system. 

In  the  end  I  conclude  that  ionospheric  forecasting  is  needed  for  some  systems  such  as  space 
systems  or  existing  systems  but  not  for  modern  adaptive  communication  systems. 
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ABSTRACT 


Hie  U.S.  Air  Force’s  Solar  Forecast  Facility 
by 

Don  S.Packnett,  Major,  USAF 


The  Solar  Forecast  Facility*  s  Solar  Observing  and  Forecasting  Network  (SOFNET)  is 
described.  The  SOFNET  consists  of  eight  worldwide  solar/geophysical  observatories  located 
at  Sacramento  Peak  Observatory,  New  Mexico;  Sagamore  Hill  Radio  Observatory,  Massachusetts; 
Oahu,  Hawaii;  National  Observatory  of  Athens,  Greece;  Manila  Observatory,  Philippines; 

Los  Angeles,  California;  Ramey  AFB,  Puerto  Rico;  and  Tehran,  Iran. 

The  Solar  Forecast  Facility*  s  Solar  Forecast  Center  at  Colorado  brings.  Colorado  is 
discussed.  The  Solar  Forecast  Center  collects  and  analyses  solar  and  geophysical  data 
received  from  the  SOFNETT.  From  these  analyses,  routine  forecasts  are  issued  for: 

(1)  Major  flare  occurrences, 

(2)  Solar  radio  flux  at  10  cm. 

(3)  Planetary  geomagnetic  indices. 

Solar  Activity  Forecast  techniques  and  recent  forecast  verification  data  are  presented. 
Currently  planned  automation  of  the  Solar  Forecast  Center  is  discussed 


and 


The  U.S.  National  Space  Disturbance 


by 

R.D.  Doeker 

The  U.S.  National  effort  in  operational  “Space  Weather” will  be  discussed.  Enqjhasis  will 
be  placed  on  the  Global  Observing  System,  the  real  time  data  gathering,  analysis  and 
dissemination  system,  and  the  warning/forecast  services.  The  international  as  well  as 
national  role  of  ESSA  forecasting  will  be  defined.  Future  developments  range  from  automatic 
data  handling  to  new  sources  of  data,  to  unique  support  in  future  space  and  telecommunica¬ 
tion  systems. 


Organization 


*■»  -v 


The  organization  of  the  Environmental  Science • Services  administration's  (ESSA) 
and  the  U.S.  Air  Force's  (USAF)  operational  solar-geophysical  activities  are  given 
in  Figure  1  and  Figure  2  respectively. 

Solar  Optical  and  Rad:*o  Observing  Network 

Figure  3  shows  the  locations  of  the  United  States'  solar  optical  and  radio 
observing  network  sites.  SSSA's  observing  sites  are  located  at: 

Boulder,  Colorado,  USA 

Canary  Island 

Culgoora,  Australia 

Carnarvon,  Australia 

The  USAF's  observing  sites  are  located  at: 

Sacramento  Peak  Observatory,  New  Mexico,  USA 
Sagamore  Hill  Radio  Observatory,  Massachusetts,  USA 
Palebua  Observatory,  Cahu,  Hawaii,  USA 
National  Observatory  of  Athens,  Greece 
Manila  Observatory,  Republic  of  the  Philippines 
Upper  Van  Norman  Observatory,  California,  USA 
Ramey  Air  Force  Base,  Puerto  Rico,  USA 
Tehran,  Iran 

These  sites  provide  real-time  (within  five  minutes)  reports  of  solar  optical 
and  radio  observations.  Figure  4  presents  the  probability  of  having  daylight  at 
one  of  the  observing  sites  for  June  and  December.  As  you  can  see,  the  coverage  is 
not  complete,  varying  between  92 t  and  98?  during  the  year. 

A  dedicated  USAF  teletype  network  (see  Figure  5)  is  used  within  the  U.S.  to 
relay  both  ESSA  and  USAF  observations.  Observations  from  USAF  overseas  sites  are 
relajed  by  the  National  Aeronautics  and  Space  Administration's  (NASA)  communications 
network  to  Goddard  Space  Flight  Center  where  they  are  entered  onto  the  dedicated  USAF 
teletype  circuit.  Full  exchange  of  observational  data  is  provided  among  all  of  the 
observing  sites. 

The  following  solar  optical  and  radio  observations  are  made  routinely: 

1.  Visual  and  photographic  observations  of  the  sun  In  the  light  of  H-alpha. 

2.  Photographic  observations  of  the  sun  in  the  light  of  calcium. 

3.  Visual  and  photographic  observations  of  the  sun  in  total  (white)  light. 

4.  Photographic  observations  of  the  solar  corona. 

5.  Observations  of  the  solar  flux  at  discrete  frequencies  between  200  and 
30,000  MHz  and  swept  frequencies  between  20  and  40  MHz. 

The  W-120  (12C  mm  objective  lens)  and  the  W-250  (.250  ram)  solar  optical  telescopes, 
manufactured  by  Yardney-Razdow  Laboratories,  Inc.,  are  used  for  the  sola,  optical 
patrol.  Figure  6  shows  the  W-120  telescope  in  use  at  Boulder.  Coloisdo.  These  role- 
scopes  are  equipped  with  an  Halle  H-alpha  filter,  automatic  photographic,  camera, 
white  light  telescope,  and  closed  circuit  TV  of  the  H-alpha  image. 

Magnetometer  NetworK 

The  U.S.  Air  Force  operates  a  magnetometer  network,  reporting  m  real-time, 
consisting  of  the  following  observational  sites:. 
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Loring  AFB,  Maine 
Goose  AB,  Labrador 
Thule  AB,  Greenland 
Eielson  AFB,  Alaska 

Fort  Belvoir,  Virginia  (in  cooperation  with  ESSA) 

In  addition,  worldwide  geomagnetic  indices  are  received  routinely  through  inter¬ 
national  exchange  provided  by  SOLTERWAP.V. 


Solar  Proton  Monitoring  Network 


ESSA  operates  a  Solar  Proton  Monitoring  Network  in  Alaska  and  Greenland  equipped 
with  magnetometers,  neutron  monitors,  riometers,  and  forward  scatter  circuits  (see 
Figure  7).  Re«.'.-time  reports  of  Polar  Cap  Events  are  relayed  by  dedicated  communi¬ 
cations  to  Boulder,  Colorado,  and  then  entered  onto  the  dedicated  USAF  teletype 
circuit. 


Neutron  Monitor  Network 

The  USAF  maintains  automatically  reporting  neutron  monitors  at  Durham,  New 
Hampshire  and  Swarthmore,  Pennsylvania.  Through  cooperation  with  the  Canadian  Govern¬ 
ment,  who  developed  the  equipment,  che  neutron  monitor  at  Deep  River,  Ontario,  Canada, 
is  also  hooked  up  to  this  same  network. 


Satellite  Observations 

Real-time  solar-geophysical  observations  are  provided  by  the  USAF’s  VELi.  satel¬ 
lite  series  (earth  orbit)  and  the  geostationary  ATS-1  satellite.  Additional  near 
real-time  satellite  observations  are  provided  by  the  Pioneer  series  (solar  orbit), 
and  SOLRAD,  0G0,  OSO,  and  ITOS  satellites  (earth  orbit). 


Ionospheric  Observations 

Ionospheric  observations  will  be  included  ir.  paper  26  and  27  to  be  presented  by 
Mssrs.  Damon  and  Stoneh acker. 


Solar-Geophysical  Forecast  Centers 


ESSA’s  Space  Disturbance  Forecast  Center  (SDFC)  at  Boulder.  Colorado,  provides 
solar-geophysical  forecasts  for  civil  agencies  while  the  USAF’s  Sclar  Forecast  Center 
(SFC)  at  Colorado  Springs,  Colorado,  provides  a  similar  service  for  military  agencies. 
Figure  8  indicates,  as  an  example,  the  services  currently  being  provided  by  the  SFC 
for  military  agencies.  The  two  forecast  centers  use  the  same  observational  data  base, 
but  tailor  their  forecast  products  for  their  specific  users.  Continuous  coordination 
is  maintained  between  the  two  forecast  centers. 


Everyone  is  interested  in  how  well  we  can  forecast  solar  events.  Figure  9  shows 
verification  of  forecasts  of  the  occurrence  of  solar  flares  >  Importance  Two  at  the 
USAF’s  Solar  Forecast  Center  for  the  period  September  196?  through  September  1968. 

The  small  white  squares  represent  a  major  flare  occurrence  while  tne  gr-ay  bars  show 
those  times  when  a  "solar  flare  alert”  (probability  forecast  for  a  flare  »  Importance 
Two  is  »  5G!f)  was  in  effect. 


Future  Plans 

Within  the  year,  a  large  portion  of  the  handling  and  analysis  of  solar-geophysical 
data  will  be  completely  automated  through  use  of  a  UNIVAC  1108  computer  at  Offutt 
AFB,  Nebraska  and  terminal  equipment  at  the  two  forecast  centers.  At  first,  fore¬ 
casts  will  be  partially  manual  and  partially  automated.  Hopefully,  as  more  tech¬ 
niques  are  developed  and  tested,  the  entire  process  of  observations,  analyses,  and 
forecasts  can  be  fully  automated. 

We  are  currently  testing  a  new  solar  H-alpha  optical  telescope  capable  of  auto¬ 
matically  scanning  the  sun  and  giving  an  alarm  whenever  a  solar  flare  occurs.  This 
should  offer  a  much  faster  response  as  well  as  free  observers  from  having  to  contin¬ 
uously  watch  the  sun. 
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SUMMARY 


Systems  to  forecast  solar -geophysical  events  and  the  resultant 
propagation  interactions  have  been  in  operation  for  many  years.  The 
purpose  of  this  paper  is  to  stimulate  development  of  forecasting  systems 
which  are  oriented  more  to  the  needs  of  the  telecommunication  system 
operators.  Although  the  specific  application  referenced  here  is  HF  com¬ 
munications,  the  concepts  are  applicable  to  systems  working  in  other 
areas  of  the  radio  spectrum. 


OPERATIONALLY  ORIENTED  TELECOMMUNICATION 
FORECAST  SERVICE 
> 

Roger  K.  Salaman' 

Institute  for  Telecommunication  Sciences 
Environmental  Science  Services  Administration 
Boulder,  Colorado  80302  U.S.A. 


1.  BACKGROUND 

Ionospheric  and  solar-geophysical  forecasting  services  have  been  available  for  25  years  {see 
Beckmann,  1969;  Lincoln,  1969;  and  Meek,  1969).  During  this  period  of  time,  HF  telecommunica¬ 
tion  systems  have  become  more  sophisticated,  and  have  encountered  mounting  competition  from 
other  systems  that  provide  higher  data  rates  and  reliabilities  (such  as  troposcatter  and  satellite). 

In  1965,  an  effort  was  made  to  determine  whether  new  short-term  forecasts  could  better  assist 
HF  circuit  operation  (Slutz  et  al.,  1969;  Salaman,  1969).  Although  this  investigation  was  limited  to 
a  few  equatorial  circuits,  the  experience  gained  in  working  at  receiver  sites  and  technical  control 
centers  stimulated  a  study  that  began  in  January  1967,  to  update  the  HF  forecasting  technique  em¬ 
ployed  by  the  United  States  Department  of  Commerce  at  their  Fort  Belvoir,  Va.  Telecommunications 
and  Space  Disturbance  Services  Center.  The  primary  objectives  of  this  study  were  to  (1)  provide 
forecasts  in  terms  of  parameters  directly  applicable  to  telecommunication  system  operation, 

(2)  expand  the  service  to  worldwide  coverage,  and  (3)  automate  the  system  to  the  greatest  practical 
extent.  As  a  result  of  this  study,  on  July  1,  1968,  the  existing  forecast  system  was  modified,  and 
the  operation  was  moved  from  the  Fort  Belvoir  field  site  to  the  headquarters  cf  the  parent  organiza¬ 
tion,  the  Institute  for  Telecommunication  Sciences,  of  the  ESSA  Environmental  Research  Labora¬ 
tories,  Boulder,  Colorado,  tt 

This  is  the  first  paper  describing  the  philosophies  that  underlie  development  of  new  operationally 
oriented  propagation  forecasts,  although  the  concepts  are  described,  all  the  services  mentioned 
have  not  yet  been  implemented. 

2.  FORECAST  NEEDS 

The  primary  objective  in  short-term  telecommunication  forecasting  is  to  provide  the  telecom¬ 
munication  community  (principally  the  system  eperators)  with  information  necessary  to  maintain 
and  improve  the  efficiency  of  system  operations.  At  the  present  time,  this  is  accomplished  by 
forecasting  detrimental  effects  that  have  a  solar -geophysical  origin. 

Currently,  the  forecasts  are  limited  to  propagation  induced  HF  ionospheric  communication 
disturbances  and  solar  noise  storms,  which  have  a  pronounced  effect  on  VHF  communications .- 
Eventually,  it  may  be  possible  to  forecast  s\ stem  degradation  brought  about  by  enhanced  atmos¬ 
pheric  noise  (e.  g.  using  satellite  weather  data),  increased  interference  from  man-made  radiation 
sources,  and  even  tropospheric  ducting  attenuation  and  abnormal  refraction  due  to  atmospheric 
weather  conditions. 

The  communicator  needs  a  reliable  forecast  of  when  hi3  communication  system  will  be  degraded 
to  an  unsatisfactory  level,  how  long  this  condition  will  last,  and  what  he  can  do  to  circumvent  this 
problem.  For  normal  HF  circuit  operation,  he  needs  to  know  what  sequential  group  of  frequencies 
he  must  operate  on  to  minimize  the  number  of  frequency  changes  to  m-xinruze  the  probability  of 
successful  communications.  This  choice  of  frequency  is  determined,  in  general,  by  the  prevailing 
noise  or  interference  level,  the  signal  strength,  and  the  short-term  perturbations  (amplitude,  fre¬ 
quency,  and  phase)  introduced  by  the  propagation  medium.  Of  these  factors,  emphasis  has  been 
placed  on  forecasting  the  MUF,  signal  strength,  which  affects  the  LUF,  end  the  large  solar  noise 
bursts  that  raise  the  receiver  noise  level  at  VHF,  With  advanced  HF  communication  techniques 
which  continue  to  increase  the  communication  rate,  short-term  perturbations  in  the  signal  stability 
become  an  increasingly  important  problem. 


Electronic  Engineer 
tt 

The  solar -geophysical  forecasting  was  separated  from  the  telecommunication  forecasting  m  1966 
and  commenced  from  the  Space  Disturbance  Forecast  Center,  Boulder,  Colo.  ,  at  that  time.  SDFC 
and  the  Solar  Forecast  Facility  in  Colorado  Springs,  Colo. ,  work  closely  in  the  solar  geophysical 
forecasting  (Packnett  and  Doeker,  1969'. 
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Remote  ,  short-term  forecasting  alone  does  not  provide  the  total  solution.  The  state  of  know¬ 
ledge  upon  which  these  forecasts  are  based  is  not  sufficiently  advanced  to  provide  all  the  information 
the  communicator  needs.  The  question  remains  how  much  information  can  be  provided  by  the  re¬ 
mote  forecaster,  and  what  information  can  be  better  obtained  by  the  communicator.  Indeed,  under 
normal  conditions,  the  operator  of  existing  fixed  communication  circuits  has  a  good  idea  of  when 
he  will  lose  communications.  A  comprehensive  system  such  as  CURTS  (Dayharsh,  1968)  can  pro¬ 
vide  valuable  information  on  the  status  of  communications  over  a  given  circuit,  when  communications 
will  be  lost,  and  the  best  frequency  tc  maintain  communications.  Even  a  simplified  version  of 
CURTS,  where  only  the  signal-to-noise  level  and  signal  characteristics  on  the  actual  communica¬ 
tion  frequency  and  the  noise  interference  level  on  potential  communication  frequencies  are  monitored, 
may  provide  valuable  information  for  frequency  selection. 

The  cause  of  communication  disturbances  is  a  function  of  the  general  latitude  of  the  communica¬ 
tion  circuit.  In  the  arctic  latitudes,  disturbances  due  to  ionospheric  storms  are  most  prevalent. 
These  generally  can  be  traced  to  solar  origin  and  are  associated  with  disturbances  that  usually  re¬ 
sult  in  a  general  decrease  in  the  F  layer  electron  density,  and  an  increase  in  the  F  layer  height 
(and  an  associated  decrease  in  the  MUF),  and  an  increase  in  the  signal  attenuation  (i.  e.  an  increase 
in  the  LUF).  In  severe  cases,  the  lowest  usable  frequency  exceeds  the  maximum  usable  frequency, 
and  successful  communication  cannot  exist  using  the  conventional  HF  propagation  modes  (Hunsucker 
and  Bates,  1969).  It  is  possible  (within  some  error)  to  forecast  these  geomagnetic  disturbances 
and  their  ionospheric  effects.  The  high  incidence  of  Sporadic-E  at  these  latitudes  is  somewhat  moie 
difficult  to  forecast. 

In  the  equatorial  latitudes,  disturbances  in  communication  circuits  primarily  result  from 
large  deviations  of  the  MUF  (lasting  for  several  hours)  from  smooth  diurnal  trends  (Salaman,  1969), 
and  from  significant  increases  in  the  LUF  caused  by  solar  flare  induced  ionospheric  absorption. 

The  large  MUF  deviations  are  not  [sufficiently  understood  yet  to  allow  remote  forecasting,  and,  there¬ 
fore,  a  form  of  on-line  monitoring  (such  as  by  CURTS  or  backscatter)  may  prove  more  fruitful. 

At  temperate  latitudes,  similar  effects  are  found,  as  in  the  artic  (and  equatorial)  latitudes, 
but  generally  with  much  less  severity. 

In  the  Polar  Cap  region,  Polar  Cap  absorption  events  occasionally  occur,  which  cause  drastic 
effects  on  ionospheric  communications.  An  attempt  is  made  to  forecast  this  phenomena,  also. 

In  addition  to  forecasts  of  impending  disturbances,  tbe  communicator  should  know  what  dis¬ 
turbances  are  in  process  even  though  they  may  not  have  been  forecasted;  therefore,  it  is  necessary 
to  have  an  adequate  system  for  detecting  disturbed  conditions. 

Finally,  the  communicator  must  account  for  communication  outages.  It  is  useful  to  have  access 
to  propagation  information  that  might  explain  operational  difficulties  afterwards. 

3.  AN  ADVANCED  FORECASTING  SYSTEM 

The  purpose  of  the  forecast  system  is  to  provide  in  a  timely  manner  the  general  and  specific, 
disturbance  information,  described  in  the  previous  secv'.on  to  the  telecommunication  community. 

To  accomplish  this,  a  system  must  (1)  acquire  and  sort  large  amounts  of  solar-geophysical  and 
radio  propagation  data  obtained  on  a  w  or  la  wide  basis.  (2)  process  the  data,  as  required  for  gen¬ 
erating  forecasts  and  determining  the  status  of  disturbed  conditions,  based  on  correlations  of  the 
interaction  of  observed  events,  and  the  resultant  communication  effects,  and  (3)  distribute  the 
forecasts,  disturbance  status  information,  and  historical  disturbance  information  quickly  to  diverse 
users. 

A  system  to  accomplish  these  objectives  is  shown  pictordally  in  figure  1  and  schematically  in 
figure  2.  The  information  necessary  to  prepare  the  forecasts  is  received  by  tbe  communication 
center  and  entered  into  a  computer  for  processing  storage  and  subsequent  dissemination.  The  in¬ 
formation  in  the  computer  is  automatically  updated  by  the  input  data,  and  the  output  provides 
information  concerning  disturbances  both  automatically  and  upon  demand.  The  duty  forecaster, 
who  mans  the  forecast  console,  monitors  the  operation  of  the  forecast  system,  verifies  the  validity 
of  the  computer  generated  forecasts  and  assists  tbe  user  through  either  teletype  or  telephone 
communications. 


The  word  remote  indicates  that  the  forecasting  is  done  some  distance  from  the  communication 
circuit  or  area. 


4-3 


Data  Acquisition 


Figure  1.  Pictorial  representation  of  forecast  disturbance  system 


3.  1  Data  Acquisition 

Ionospheric  telecommunication  forecasting  requires  a  large  amount  of  solar -geophysical  infor¬ 
mation  on  a  worldwide  basis.  In  addition  to  data,  forecasts  of  solar -geophysical  activity  are  also 
required.  Such  data  and  forecasts  can  be  obtained  from  a  system  such  as  described  by  Packnett 
and  Doeker  (1969).  It  is  also  necessary  to  monitor  ionospboric  radio  channel  conditions,  to  verify 
the  forecasts,  and  to  detect  unforecasted  events.  Large  areas  can  be  surveyed  by  backscatter 
sounding  techniques  (Bartholomew,  1969).  Specific  areas  and  paths  can  be  monitored  by  remotely 
tuned  receivers  that  can  be  located  away  Iron,  the  Forecast  Center.  It  is  necessary  to  know  as 
much  as  possible  about  the  telecommunication  system  performance  characteristics,  system  param¬ 
eters,  and  operational  doctrine  to  provide  information  in  terms  that  are  understood  by  and  meaningful 
to  the  user. 


3.2  Data  Processing 


The  data  discussed  above  must  be  processed  to  (1)  provide  alerts  of  disturbances  as  soon  as 
they  can  be  forecatted  or  are  observed,  (2)  allow  the  user  to  obtain  disturbance  status  messages 
when  he  desires  as  necessary,  either  for  general  areas  or  for  his  specific,  paths  (these  may  also 
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Figure  2.  Forecast  system 


Figure  3.  Computer  data  processing 


be  made  available  periodically  if  he  so  desires),  and  (3)  allow  the  liser  to  have  access  to  historical 
information  concerning  any  specific  event  or  any  events  which  occured  in  specific  time  interval. 

The  computer  data  processing  system  tc  accomplish  this  is  shown  in  figure  3.  The  computer  is 
employed  in  a  time-sharing  mode  of  operation  so  that  many  users  can  obtain  information  essentially 
simultaneously. 


The  solar -geophysical  propagation  data  which  are  received  over  the  worldwide  networks  by 
teletype  codes  or  available  from  local  observations  in  digital  form  are  entered  directly  into  the  time¬ 
sharing  computer.  Telephone  messages  and  other  local  observations  are  entered  from  the  forecast 
console.  The  input  data  are  edited  to  eliminate  redundant  information  and  are  stored  in  an  event  file 
(an  example  of  which  is  shown  in  fig.  4).  The  events  are  then  evaluated  in  terms  of  their  potential 
effect  on  HF  communications  with  results  stored  in  an  EFFECTS  file,  such  as  shown  in  figure  5. 

A  detailed  account  of  the  interrelationships  between  the  solar-geophysical  events  and  the  communica¬ 
tion  effects  ia  given  by  Stonehocker  (1969).  When  the  disturbances  are  observed,  it  is  also  noted 
in  the  EFFECTS  file,  the  user  can,  therefore,  request  information  on  how  a  specific  disturbance 
will  affect  his  particular  communication  system.  For  large  communication  systems,  information 
concerning  characteristics  of  the  users  system  is  also  stored  in  the  computer  and  applied  to  the 
EFFECTS  file  when  a  disturbance  occurs  or  when  particular  information  is  requested. 


4869 

4867 

7280415 

2 

7280415 

18 

1.0 

-12 

55 

4868 

7280717 

2 

7280000 

28 

.2 

-10 

52 

4869 

7280826 

2 

7280829 

28 

.2 

-19 

3 

4866 

7280100 

2 

7280105 

40 

.2 

-16 

27 

4865 

7271427 

2 

72  70000 

23 

.2 

-  i «; 

35 

4863 

7271310 

2 

7271313 

35 

.3 

-6 

66 

4864 

7271404 

2 

7271405 

51 

.2 

-6 

55 

4862 

7271 124 

2 

7271 125 

56 

.3 

-6 

66 

4861 

7261 607 

2 

7261610 

22 

.2 

-17 

49 

4859 

7251645 

2 

7251 648 

25 

.2 

-15 

30 

4360 

7251 744 

2 

7251 746 

33 

.2 

13-28 

4855 

7251 120 

2 

7551 124 

38 

1  .0 

-15 

32 

4857 

7240237 

2 

7240000 

21 

.7 

-17 

85 

4856 

7231732 

2 

7231747 

27 

.2 

-  12 

87 

2332 

99999999 

2- 

99999999 

9999 

99999. 9 

999999 

»D' 


•.Reid 


®  Event  type 
■Beginning  date -time  group 
ce  number 


^Magnitude 
■Duration 
Maximum  data-time  group 


lare  position 


Figure  4.  EVENT  file 
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Figure  5.  EFFECTS  file 


3.  3  Forecast  Dissemination 

The  forecasting  system  is  designed  to  take  action  automatically  on  forecast  dissemination  and 
on  requests  for  disturbance  information.  A  switching  computer  is  employed  between  the  user  and 
the  forecasting  computer.  Alerts  of  impending  disturbances  are  issued  immediately  and  automatically 
to  the  user.  Requests  for  routine  forecasts  (discussed  in  section  4)  are  routed  to  the  computer  for 
action,  and  the  reply  is  automatically  sent  back  to  the  user.  Requests  for  any  unprogrammed  infor¬ 
mation  is  routed  to  the  forecast  console  for  action  by  the  forecaster  on  duty. 

A  telephone  is  also  available  at  the  forecast  console  for  voice  communication  with  the  user, 
including  the  public,  who  in  general  do  not  have  access  to  teletype  equipment. 

4.  FORECAST  SERVICES 

Examples  of  the  disturbance  forecast  services  are  shown  in  figure  6.  Examples  of  different 
types  of  forecasts  are  shown  in  figures  7  through  lfc.  The  first  four  forecasts  (Weekly,  Advanced, 
Medium-term,  and  Short-term)  are  similar  to  those  that  have  been  available  for  many  years.  They 
are  distributed  periodically  by  -.nail  and/or  commercial  and  government  teletype  to  customers  whe 
have  requested  this  service.  Tie  PPQPALERT,  FROPWARN,  and  GENERAL  messages  are  issued 
automatically  by  teletype  immediately  upon  sufficient  event  information;  the  other  forecasts  are 
issued  by  teletype  upon  request  of  the  user.  The  services  PRQPALERT  through  GENSUM  are  di¬ 
rected  toward  the  system  operator.  network  administrator,  and  operational  analysis.  The  last 
forecast,  GENERAL  is  directed  toward  the  needs  of  short-wave  listeners,  radio  amateurs,  etc., 
and  should  be  distributed  by  voice  or  teletype  as  appropriate.  In  addition,  special  forecasts  are 
developed  and  i3suod  as  required  by  the  user. 


The  Weekly  forecast,  shown  in  figure  7.  is  a  modification  of  the  .Jc  series  forecast  tnat  has 
been  issued  for  many  years  ft  was  modified  tv  eliminate  the  solar -geophysical  information  now 
available  in  the  ESSA  Space  Disturbance  Forecast  Center  Bulletin.  It  also  includes  a  forecast  of 
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Radio  Conditions  based  on  the  computer  analysis  of  current  solar-geophysical  data  discussed  above. 
It  is  currently  distributed  to  about  500  recipients,  on  an  international  basis. 


Title 

Distributed 

Period  Covered 

Description 

Weekly 

Mail 

Next  7  days 

Forecast  of  HF  Radio  Conditions  for  following  week, 
and  review  of  conditions  for  previous  week. 

Advanced 

Teletype 

Next  7  days 

Forecast  of  North  Atlantic  Radio  Quality  Figure  for  fol 
lowing  week,  in  coded  format. 

Medium- 

term 

Teletype 

Next  24  hours 

General  Quality  and  frequency  usage  statements  for  the 
North  Atlantic  for  the  following  day. 

Short - 
tarro 

Teletype 

WWV 

Next  6  hours 

Forecast  of  North  Atlantic  Radio  Quality  Figure  for  the 
following  6  hours,  in  coded  format. 

PRO? 

ALERT 

Teletype 

Immediate 

Forecast  notice  of  impending  disturbance. 

PROP 

WARN 

Teletype 

Immediate 

future 

Forecast  of  time,  location,  and  magnitude  of  distur¬ 
bance. 

DETAIL 

Teletype 

That  of  dis¬ 
turbance 

Forecast  of  attenuation  or  MUF  for  specified  circuit  or 
area  du«.  ,-t  specific  dioturbance. 

ADMIN 

Teletype 

Previous  to 
next  24  hr 

Summary  for  previous,  day  and  forecast  for  following 
day,  giving  time,  location,  probability,  and  magnitude 
or  excess  attenuation  and  unstable  MUF. 

j  CURRENT  Teletype 

Previous  to 
next  24  hr 

Brief  summary  of  ADMIN  Forecast. 

j  GENSUM 

Teletype 

Specified  period 

Summary  of  radio  disturbances  for  specified  previous 
period. 

GENERAL  Voice/ 
Teletype 

As  necessary 

Forecast  of  disturbances  of  interest  to  the  public. 

Figure  6.  Forecast  Services 
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The  Advanced,  Medium-term,  and  Short-term  forecasts  shown  in  figure  8  continue  to  be  issued 
to  keep  continuity  with  the  service  that  has  existed  for  the  past  10  years.  Those  will  be  available 
as  needed  until  toe  new  services  have  had  an  adequate  review. 

The  seven  new  forecast  services  were  designed  for  a  specific  purpose.  L?  the  classical  dis¬ 
turbance  sequence  a  flare  might  occur,  such  ?  3  listed  reference  number  4860  in  the  Effect  and 
Event  files.  A  PROPALERT  (fig,  9)  would  be  issued  immediately.  Although  the  magnitude  of  the 
absorption  event  may  not  be  known,  the  communicator  would  be  alerted  that  a  sudden  outage  which 
he  may  just  have  encountered  may  be  due  to  a  propagation  disturbam  e,  rather  than,  for  example, 
problems  with  his  equipment.  The  P3.0PALERT  forecast  is  also  d  to  give  an  alert  of  any  other 
disturbance  immediately  upon  detection. 


8315S0Z  JUL  69 
ADFL  23214 

ADVANCE  FORECAST  HIGH  LATITUDE  RADIO  PROPAGATION 
CONDITIONS  FOR  24-30  JUL  69. 

RADIO  CONDITIONS  SHOULD  BE  GENERALLY  GOOD.  INCREASED 
GEOMAGNETIC  ACTIVITY#  PARTICULARLY  DURING  LOCAL  NIGHT 
HOURS#  IS  EXPECTED  THROUGH  26  JULY  WITH  MUFS  SOMEWHAT 
BELOW  NORMAL. 

EXPECT  DAILY  QUALITY  TO  BE S  6-6-7-7-7-7-7 

ADVANCED  Forecast 


271 900 Z  JUL  69 

DAILY  HIGH  LATITUDE  RADIO  PROPAGATION  FORECAST  FOR  2B  JUL  69. 
UNSETTLED  GEOMAGNETIC  CONDITIONS  AND  FAIR  RADIO  CONDITIONS  NEXT 
24  HOURS.  LOWER  THAN  NORMAL  FOT  -  NORMAL  LUHF  FOR  NEXT  24  HOURS. 
THERE  IS  A  SLIGHT  CHANCE  OF  S-SWF. 

MEDIUM-TERM  Forecast 


STAFO  28G02 

THE  28/0500Z  SHORT  TERM  RADIO  FORECAST  FOR  0630-1200  IS  U5. 
* 


SHORT-TERM  Forecast 


Figure  8.  ADVANCED,  DAILY,  and  SHORT-TERM  forecast 


U.S.  DEPT.  OF  COMMERCE 
ESSA/ITS#  BOULDER#  COLORADO 

PROPALERT"  FORECAST  7251  744Z 

A  SOLAR  FLARE  IS  OCCURRING  OR  IMMINENT.  PROPAGATION  PATHS  IN  DAYLIGHT 
MAY  HAVF.  EXCESS  SIGNAL  ATTENUA i ION.  PROP WARN  FORECAST  TO  FOLLOW 
IF  SIGNIFICANT.. 


Figure  9.  ALERT  forecast 


■»  *znyt<<r  a-  -  •'•jjfwtYw . 

^S^^i&,4SS^.S^SS«9B^jf-ss(4!aii  i . 
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As  soon  as  sufficifr.t  information  is  available  to  provide  a  forecast  of  the  magnitude,  geographic 
extent,  start  time,  and  duramen  ot  the  disturbance,  a  FROPWARN  iT  issued  (see  fig.  10).  The 
operator  should  then  have  sui  ,  lent  information  to  take  action  which  would  minimize  the  oisturbance 
effects. 

U.S.  DEPT.  CF  COMMERCE 
ESSA/ITS.  BOULDER.  COLORADO 

"PROPWARN"  FORECAST  7251 747Z 

SMALL  EXCESS  SIGNAL  ATTENUATION  MAY  BE  EXPECTED  ON  DAYLIGHT  PATHS 

FROM  ABOUT  7251 744Z  TO  72 5 1 80 6Z 

ALSO 

SMALL  MUF  CHANGES  WITH  INCREASED  SIGNAL  ATTENUATION  AND  VARIABILITY 
MAY  BE  EXPECTED  CN  HIGH  LATITUDE  PATHS  FROM  ABOUT  726I200Z  TO 
7290000Z. 

FOR  SPECIFIC  CIRCUIT  REQUEST  "DETAIL"  REF.  NR.  44860. 

Figure  10.  WARNing  forecast 

If  the  communicator  wants  further  information  on  the  effect  of  the  disturbance  on  his  particular 
system  or  circuit,  he  can  request  the  DETAIL  forecast,  as  shown  in  figure  11,  referenced  in  the 
PROPWARN  forecast.  In  this  way,  by  answering  certain  questions  (as  underlined  in  fig.  11),  the 


U.S.  DEPT.  OF  COMMERCE 
ESSA/ITS.  BOULDER.  COLORhDC 

"DETAIL"  FORECAST 

DO  YOU  WISH  A  PROGRAM  AESCRIPTIONT  TYPE  0  FOR  NO.  1  FOR  YESfJ, 

THIS  PROGRAM  ENABLES  THE  OPERATOR  TO  OBTAIN  TWO  TYPES  OF  FORECASTS: 

1 - A  FORECAST  OF  ABSORPTION  FOR  A  PARTICULAR  ^HORTWAVE  FADEOUT  (SWF) 

FOR  AN  INDIVIDUAL  CIRCUIT.  THE  TFC  REFERENCE  NUMBER  OF  THE  SWF 
(OBTAINED  FROM  "fjENSUM"  OR  OTHER  FORECAST!  AND  CIRCUIT  NUMBER  MUST  BE 
SUPPLIED.  THE  OPERATOR  ALSO  HAS  THE  OPTION  OF  ENTERING  THE  GEOGRAPHIC 
COORDINATES  OF  THE  END  POINTS  OF  THE  CIRCUIT  INSTEAD  OF  THE  CIRCUIT 
NUMBER  FOR  SFF  FORECASTS. 

2- A  FORECAST  OF  EXPECTED  MUF  VARIATIONS  FOR  A  PARTICULAR  MAGNETIC 
CIONDSPHFRIC!  STORM  FOR  A  PARTICULAR  CIRCUIT  (USED  IN  PLACE  OF  MUF 
CIRCUIT  DESIGNATOR  99).  THE  MEDIAN  MUF  MUST  BE  AVAILABLE  iN 

A  DATA  F’t-E.  IF  THIS  FILE  IS  NOT  AVAILABLE  IT  CAN  BE  PREPARED  BY 
TELECOMMUNICATION  SERVICES  CENTER  UPON  REQUEST. 

TYPE  FOREvAST  WANTED  (I  FOR  SWF.  2  FOR  MUF):J_ 

TYPE  REFERENCE  NUMBER  OF  EFFECTda;  :4860 
TYPE  CIRCUIT  DESIGNATOR  (01-39)  OR  99  70  ENTER 
PATH  TERMINAL  POINTS Jjj. 

NEW  YORK  TO  QUITO  EQUATOR 

- - SWF  FORECAST - 

TYPE  IN  OPERATING  FREQUENCY  IN  MEGAHERTZ  WITH  DECIMAL  POINT 
IF  UNKNOWN  TYPE  0.0:09.0 

TYPE  AVAILABLE  SIGNAL  TO  NOISE  RATIO  IN  DB.  2  INTEGERS. 00  IF  UNKNOWNlflfc 

THE  MAXIMUM  ATTENUATION  AT  9.00e  MHZ  ON  THE  PATH  6IVEN 
IS  EXPECTED  TO  BE  =  5.5  DB 

IN  THE  INTERVAL  FROM  JUL  251744Z  TO  JL’L  251806Z 
Figure  11.  DETAIL  SWF  forecast 

user  can  obtain  a  forecast  of  absorption  effects  (due  to  a  flare,  for  example),  or  MTJF  effects  (due 
to  a.  magnetic  storm}  for  his  communication  system# 

If  the  communicator  wishes  to  obtain  a  shor.  summary  of  the  conditions  over  the  past  24  hours, 
he  may  request  a  CURRENT  forecast,  an  example  cf  which  is  given  in  figure  12,  which  could  be  use¬ 
ful  to  a  controller  at  the  beginning  of  bis  duty. 

Large  network  administrators  and  planners  also  need  as  much  information  as  possible  con¬ 
cerning  radio  conditions  for  the  past  and  the  following  24  hours.  This  information  is  contained  in 
a  forecast  called  ADMIN  (see  fig.  13),  which  forecasts  the  MUF  effects  of  a  magnetic  storm  re- 


U.S.  DEPT.  OP  COMMERCE 
ESSA/ITS,  BOULDER,  COLORAOO 

"CURRENT**  FORECAST 


CONDENSED  SUMMARY  AND  FORECAST  OF  DISTURBED 
HIGH  FREQUENCY  tELECOMMUNICATION  CONDITIONS 
JUL  2683002* 


SUMMARY  FOR  PREVIOUS  24  HOURS 


UNUSUAL  ATTENUATION  ON  DAYLIGHT  CIRCUITS  COULD  HAVE  OCCURRED 
DURING  AT  LEAST  ONE  PERIOD  BUT  IT  IS  UNCONFIRMED. 

A  PERIOD  OF  UNSTABLE  MAXIMUM  USABLE  FREQUENCIES  AT  MIDDLE  AND  HIGH 
LATITUDES.  ACCOMPANIED  BY  ERRATIC  A8S0RPT10N  IN  AURORAL  20NE  REGIONS 
BEGAN  AT  JUL  2611542,  AND  CONTINUED  DURING  THIS  PERIOD. 

FORECAST  FOR  NEXT  24  HOURS 


THERE  IS  A  FAIR  CHANCE  OF  RELATIVELY  ShORT  PERIODS  t5  KIN  TO  2  HOURS! 
OF  LNUf UAL  ATTENUATION  ON  DAYLIGHT  CIRCUITS. 

A  PERIOD  OF  UNSTABLE  MAXIMUM  USABLE  FREQUENCIES  AT  MIDDLE  AND  HIGH 
LATITUDES,  ACCOMPANIED  BY  SRPATIC  ABSORPTION  IN  AURORAL  TONE  REGIONS 
IS  EXPECTED  TO  END  AT  JUL  £980802. 

FOR  A  MORE  0ETAT1LED  SUMMARY  AND  FORECAST,  SEE  "ADMIN"  FORECAST. 


Figure  12.  CURRENT  forecast 


U.S.  DEPT.  OF  COMMERCE 
ESSA/ITS.  BOULDER.  COLORADO 

"ADMIN"  FORECAST 

SUMMARY  AND  FORECAST  OF  DISTURBED  HIGH  FREQUENCY 
_  TELECOMMUNICATION  CONDITIONS 

TELECOMMUNICATION  SERVICE  CENTER  2B  JUL  00062 

SUMMARY  FOR  PREVIOUS  24  HOURS 

EXCESS  ATTENUATION  ON  DAYLIGHT  PATHS  MAY  HAVE  BEEN  EXPERIENCED  DURING 
T.-'.E  FOLLOWING  INTERVALS i 

TFC  REF.  NO.  TIME  REL-  INTENSITY  PROBABILITYIPCT, 

4S63  JUL  27I318E-JUL  2713342  LOW  2 

4062  JUL  271 1242- JUL  2711402  LOW  2 

A  PERIOD  OF  UNSTABLE  HUF ‘S  AT  TEMPERATE  AND  NIGH  LATITUDES  AS 
WELL  AS  ERRATIC  ATTENUATION  ON  AURORAL  20NE  CIRCUITS  WAS  REPORTED 
TO  HAVE  STARTED  AT  JUL  26IIS4Z. 

IT  IS  ASSOCIATED  WITH  A  SMALL  MAGNETIC  DISTURBANCE. 

FORECAST  FOR  NEXT  24  HOURS 


PERIODS  OF  EXCESS  ATTENUATION  ON  DAYLIWT  PATHS  WITH  THE  INDICATED 
CHARACTERISTICS  CAN  BE  EXPECTED  WITH  THE  LISTED  PROBABILITY? 


CHARACTERISTIC  PROBABILITY! PCT> 

ATTENUATION  WITH  PEAK  OF  LP  TO  20  D3  25 

RETURNING  TO  NORMAL  WITHIN  30  HIN. 

ATTENUATION  WITH  PEAK  OF  UP  TO  40  OB  3b 

RETURNING  TO  NORMAL  WITHIN  60  MIN. 

4TENUATI0N  WITH  PEAK  OF  UP  TO  80  OB  5 

RETURNING  TO  NORMAL  WITHIN  2  HOURS 

THE  PERIOD  OF  UNSTABLE  MUF’S  AT  TEMPERATE  AND  HIGH  LATITUDES  AND  ERRATIC 
ATTENUATION  ON  AURORAL  ZONE  CIRCUITS  ITFC  REF.  NO.  4S60I  WHICH  IS 
CURRENTLY  IN  PROGRESS  SHOULD  END  AT  JUL  2900002. 

DURING  THE  NEXT  24  HOURS  THIS  STORM  SHOULD  PRODUCE  KDF  VARIATIONS 
OF  THE  FOLLOWING  ORDER  I 

PERCENT  CHANGE  IN  MUF 
LOCAL  TIME  <PATH  MID-POINT) 

LATITUDE?  00-04  06-12  12-18  18-99 


HIGH  NORTHERN 
MID -NORTHERN 
LOW 

M ID-SOUTHERN 
HIGH  SOUTHERN 


-7T0  I  -BTO  I  -I9T0  -4  -1ST0  -4 


-7T0  0  -I0TO  -5  -7T0  -3  -6T0  -2 

0TO  8  -I  TO  8  -3T0  6  -2T0  6 

-470  0  -7T0  -4  -  4T0  -2  -3T0  0 

-7T0  0  -  970  -  4  -22T0  -8  -I4T0  -8 


Figure  13.  ADMIN  forecast 


4-10 


suiting  from  the  previouslv  '•eierencad  solar  flare,  a  DETAIL  forecast  for  a  specific  circ\.i*  could 
trier,  be  obtained  for  'his  e\eni  as  shown  in  figure  14. 

Should  the  communicator  need  to  determine  the  cau>  e  of  an  outage  within  tne  past  several  days, 
this  information,  which  is  stored  in  the  computer,  can  be  obtained  directly  for  any  desired  time 
period  and  area  through  the  forecast  GENSUM,  illustrated  in  figure  15.  A  collection  of  GENSUM1  e 
for  the  past  month  can  be  printed  and  issued  as  a  Propagation  Summary  on  a  monthly  basis. 


U.S.  DEPT.  OF  COMMERCE 
ESSA/ITSr  BOULDER.  COLORADO 

"DETAIL"  FORECAST 

DO  YOU  WISH  A  PROGRAM  DESCRIPTION?  TYPE  0  FOR  NO.  !  FOR  YES  I  jL 

TYPE  FORECAST  WANTED  <1  FOR  SWF.  2  FOR  MUF) >2^ 

ENTER  MONTH-DAY-TIME  GROUPS  OF  START  ♦  END  TIMES  OF  INTERVAL  FOR 

WHICH  FORECAST  IS  DESIRED-TWO  GROUPS  OF  8  INTEGERS  SEPARATED 

BY  A  COMMA >072 6 1200. 072 80000 

TYPE  REFERENCE  NUMBER  OF  EFFECT!  I  ■»>  >4868 

TYPE  CIRCUIT  DESIGNATOR  -  99  INVALID! 121 >01 

NEW  YORK  TO  QUITO  EQUATOR 


MUF  FORECAST  FOR  CIRCUIT  1 
<MULTI-H0P> 


MONTH 

DAY 

HOUR(Z) 

MEDIAN  MUF 

REVISED  MUF 

X  CHANGE 

JUL 

26 

12 

22.2 

22.9 

3 

JUL 

26 

13 

23.9 

24.6 

3 

JUL 

26 

14 

23.7 

24.4 

3 

JUL 

26 

IS 

23.7 

24.4 

3 

JUL 

26 

16 

24.5 

25-2 

3 

JUL 

26 

17 

25.3 

24.5 

-3 

JUL 

26 

18 

25.4 

24.6 

-3 

JUL 

26 

19 

25.2 

24.4 

-3 

JUL 

£6 

20 

25.3 

24.5 

-3 

JUL 

26 

21 

25.9 

25.1 

-3 

JUL 

26 

22 

26.4 

25.6 

-3 

JUL 

26 

23 

26.7 

26.4 

JUL 

27 

0 

26.4 

26.'1 

-1 

JUL 

27 

I 

25.3 

25.0 

-1 

JUL 

27 

2 

23.8 

23.6 

JUL 

27 

3 

22-5 

-  22.3 

-1 

JUL 

27 

4 

21.4 

21.2 

JUL 

27 

5 

20.5 

20.1 

-2 

JUL 

27 

6 

19*3 

18.9 

-2 

JUL 

27 

7 

17.9 

1.7.5 

-2 

JUL 

27 

8 

36.4 

16.1  ' 

-2 

JUL 

27 

9 

15.6 

15.3 

-2 

JUL 

27 

10 

16.6 

16.3 

-2 

JUL 

27 

!1 

15.3 

14.1 

-8 

JUL 

27 

12 

22.2 

20.4 

-8 

JUL 

27 

13 

23.9 

22.0 

-8 

JUL 

27 

14 

23.7 

21.8 

-8 

JUL 

27 

IS 

23.7 

21.8 

-8 

JUL 

27 

16 

24.5 

22.5 

-8 

JUL 

27 

17 

25.3 

■£1.3 

-i  6 

JUL 

27 

18 

25.4 

21.3 

-16 

JUL 

27 

19 

25.2 

21.2 

-16 

JUL 

27 

20 

2S.3 

21.3 

-;6 

JUL 

27 

21 

25.9 

21.8 

-16 

JUL 

27 

22 

26.4 

22.2 

-16 

JUL 

27 

23 

26.7 

24.6 

-8 

JUL 

28 

0 

26.4 

24.3 

-8 

Figure  14.  DETAIL  MUF  for  ecast 
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U.s.  DEPT.  OF  Ca-..V.ERCE 
ESSA/jTS#  BOOULDER#  COLORADO 

“GENSUr."  FORECAST 

DO  YOU  WANT  INSTRUCTIONS?  TYPE  fc  FOR  HO#  1  FOR  YES:  1 
THE  FOLLOWING  TABLE  SPEC1TIES  THE  AREAS  AVAILASLE  - 
0-WOPLDVIDE 

1- E.  ATLANTIC 

2- W.  ATLANTIC#  S.  AMERICA 

3- N.  AMERICA#  E.  PACIFIC 

4- MID-PACIFIC 

5- W.  PACIFIC 

6- ASIA 

7 - NEAR  EAST#  INDIAN  OCEAN 

8- EURCPE#  AFRICA 

9- SPECIFIC  CIRCUIT 


TYPE  AREA  NUMBER, 0  FOR  WORLDW'I DE : 0_ 

SUMMARY  OF  HIGh  FREQUENCY  TELECOMMUNICATION  DISTURBANCES 

WORLDWIDE 

JUL  2530002- JUL  280000Z 

DURING  THIS  PER!OD#SHORT  INTERVALS  OF  EXCESS  ATTENUATION  ON  CIRCUITS  IN 
LATITUDES  FROM  55S  TO  90N  MAY  HAVE  BEEN  EXPERIENCED  DUE  TO  SOLAR  FLARES. 
LIKELY  INTERVALS  ARE  LISTED  IN  THE  FOLLOWING  TABLE.  "C”  AND  "U”  FOLLJ W- 
1NG  THE  REFERENCE  NUMBER  INDICATE  CONFIRMED  OR  UNCONFIRMED  RESPECTIVELY. 


TSC  REF.  NO. 

•S86S-U 

4863- U 

4864- U 
4862-U 
4861 -U 

4859- U 

4860- U 
48S8-U 


INTERVAL 


JUL  27I427Z- 
JUL  27I310Z* 
JUL  271404Z- 
JUL  2711 24Z- 
JUL  261607Z- 
JUL  2516452- 
JUL  2517442- 
JUL  25! I20Z- 


J1JL  271  4492 
JUL  27I334Z 
JUL  27I426Z 
JUL  271 1 48Z 
JUL  26I629Z 
JUL  25I707Z 
JUL  251 8062 
JUL  2511 50Z 


IMPORTANCE 

LOW 

LOW 

LOW 

LOW 

LOW 

LOW 

LOW 

MODERATE 


LONG. EXTENT 


AN  IONOSPHERIC  STORM  WHICH  PRODUCED  ABNORMAL  MAXIMUM  USABLE  FREQUENCIES 
AS  WELL  AS  ERRATIC  ABSORPTION  ON  AURORAL  ZONE  PATHS  DURING  THE  PERIOD 

EN0FD  AT  APPR°*IMATELY  -JUL  2723592.  TO  OBTAIN  AN 
ESTIMATE  OF  HE  MUF  VARIATIONS  FOR  A  GIVEN  AREA#  REQUEST  AN  AREA  SUMMARY 

DO  YOU  WISH  A  SUMMARY  FOR  ANOTHER  AREA  OR  TIME  PERIOD?  TYPE  0  FOR  NO# 

I  FOR  YES  10 


Figure  15.  GENSUM  service 


PROPAiERT,  PR  OP  WARN ,  DETAIL,  CURRENT,  ADMIN,  and  GENSUM  messages,  in¬ 
cluding  the  necessary  correlations,  computations,  and  text,  arc  generated  automatically  by  the 
computer,  based  on  available  solar-geophysical  data,  adapted  to  ihe  user' s  specific  requirements. 

The  GENERAL  forecast  is  designed  for  public  use,  and  can  be  distributed  by  HF  and  VLF 
broadcasting  (for  example  through  standard  frequency  radio  stations),  as  well  as  through  Radio 
Amateur  networks.  Besides  providing  a  general  statement  concerning  radio  conditions,  it  could 
give  forecasts  of  the  best  frequency  range  for  reception  between  specific  areas,  such  as  the  East 
and  West  Ccasts  of  North  America  and  the  Orient,  Hawaii,  Australia,  South  America,  Europe,  and 
North  and  South  Africa.  This  might  be  in  two-hour  time  blocks,  with  disturbance  updating  as  neces¬ 
sary.  Preferably,  it  should  be  transmitted  by  voice.  This  service  can  also  be  made  available 
thro  igh  automatic  telephone  answering  in  selected  cities. 


la  addition,  it  is  possible  to  provide  forecasts  designed  to  meet  special  user  uesdo,  such  as 
these  illustrated  in  figure  16. 

5.  CONCI.USICNS 

Ionospheric  forecasting  techniques  have  improved  over  the  past  25  year.!,,  Even  in  recent 
years,  they  have  consisted  of  subjective  analysis  of  solar-geophysical  events  and  their  effects 
weighted  heavily  by  the  forecaster' s  experience.  With  the  greater  sophistication  in  communication 
technology,  demands  on  ionospheric  s /stem  capacity  and  reliability  have  grewn.  It  is  cow  desirable 
to  replace  the  subjective  analysis  with  more  rigorous  correlations  and  allow  the  communicator  ac¬ 
cess  to  the  information  he  needs  to  maintain  his  required  system  efficiency.  The  complexity  of 
both  these  problems  suggests  the  application  of  current  computer  technology,  although  the  forecaster 
remains  a  vital  element  in  the  system. 

The  technique  for  short-term  forecasting  and  forecast  dissemination  described  bore  attempts 
to  meet  these  requirements  and  is  presently  undergoing  operational  evaluation.  The  U3e  of  on-line 
monitoring  in  conjunction  with  remote  short-term  forecasting  should  not  be  overlooked.. 


TO  GSFC 
FROM 

U-S.  DEPT.  OF  COMMERCE 
ESSA/ITS.  BOULDER.  COLORADO 
! 6/06402 

NASCOM  SHORT  TERM  LUF/FOT/MUF  FORECAST  FOR  MISSION  NCG- 725/785 
FORECAST  FOR  16  JUL  08-132 

LUF-LOWEST  USABLE  FREQUENCY. FOT-REVISED  MEDIAN  OPTIMUM  TRAFFIC 
FREQUENCY  <99  INDICATES  LUF  EQUAL  TO  OR  GREATER  THAN  FOT>,  MUF-REVISED 
MAXIMUM  USABLE  FREQUENCY.  WHEN  FOT  EQUALS  MUF.  PROPAGATION  IS  VIA  E 
LAYER.  ALL  FREQUENCIES  IN  MHZ.  DUALITY  CODE.  P-POOR.  r-FAIR.  G-GOOD. 


CIRCUIT 

TIME<2> 

LUF/FOT/MUF  QUALITY 

TANANARIVE 

-PARIS 

8 

>7/19/23 

F/G 

9 

17/20/23 

G 

10 

1 7/20/23 

G 

11 

1 7/20/24 

G 

12 

17/21/24 

G 

13 

17/20/24 

G 

TANANARIVE 

-PERTH 

8 

9/26/29 

G 

9 

8/25/29 

G 

10 

7/24/27 

G 

1 1 

6/21/24 

e 

12 

5/ 1 5.  .  7 

F/G 

13 

4/12/14 

F/G 

TANANARIVE 

-JOHANNESBURG  8 

7/20/23 

G 

9 

8/19/21 

G 

If} 

8/19/2! 

G 

11 

7/19/21 

G 

12 

7/19/21 

G 

13 

6/19/21 

G 

VANGUARD 

-BERMUDA 

8 

2/  9/12 

G 

9 

3/10/13  T 

G 

10 

4/12/15  T 

G 

1  1 

5/15/16 

G 

1 2 

6/1 7/1 7X 

F/G 

13 

7/18/18X 

F/G 

X  INDICATES 

POSSIBLE 

CIRCUIT  DIFFICULTIES  THIS  HOUR. 

T  INDICATES 

POSSIBLEtNIGHT  TO 

DAY)  TRANSITIONAL 

CONDITIONS 

GEOMAGNETIC 

ACTIVITY 

HAS  INCREASED  SLIGHTLY  THE 

PAST 

FOUR  HOURS. 

HOWEVER. 

IONOSPHERIC 

CONDITIONS  ARE 

EXPECTED 

TO  CONTINUE 

TO  BE  NORMAL.  ONE 

OR 

TWO  MINOR  S-SKF 

MAY  BE  EXPECTED  ON  DAYLIGHT  CIRCUITS. 


Figure  16.  Special  foi  ecasts 
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SOVMARY 


We  review  the  information  obtained  during  the  last 
ten  years  in  the  field  of  the  solar  activity. 

The  Radioastronomy  has  given  the  first  possibility 
of  an  easy  identification  of  the  solar  events  linked  with  the  most 
outstanding  geophysical  events.  Then  the  originating  active  centers 
have  been  carefully  studied  and  now  they  are  identified  on  the  solar 
disk  before  the  event  occurence. 

A  new  improvement  is  due  to  the  solar  magr.etographs : 
the  place  and  the  birth  of  a  flare  are  strongly  linked  to  the  struc¬ 
ture  and  to  the  evolution  of  these  solar  magnetic  fields. 

The  detection  in  the  space  of  a  flux  of  low  energy 
solar  particles  opens  £he  opportunity  to  specify  the  propagation 
situation  into  the  deep  interplanetary  space. 

Using  all  this  complementary  material,  a  forecasting 
center  working  on  a  routine  basis  has  predicted  the  solar  activity 
with  a  surprising  accuracy  (  between  80  and  90  %  )  and  has  announced 
in  advance  a  considerable  number  of  the  most  oustanding  events  (  bet¬ 
ween  50  and  70  t  ) . 


SOKMAIHE 


Nous  passons  en  revue  les  acquisitions  des  dix  der- 
nidres  annges  dans  le  domaine  de  I'activiti  solaire. 

La  radioastronomie  a  permis  pour  la  premidre  fois 
d'identifier  parmi  des  eruptions  A  peuprgs  comparables  celles  qui 
sont  rSellement  la  cause  des  effets  geophysiques  les  plus  importants . 
II  a  St€  possible  d* Studies  les  centres  actifs  correspondants  et  de 
les  identifier  avant  I’gvSnement. 

Une  nouvelle  etape  a  §t€  parcourue  grace  1  lr§tude 
des  champs  magnet iques  solaires:  la  place  puis  la  formation  des  eru¬ 
ptions  sont  apparues  etrcitement  liies  3  la  structure  et  3  Involu¬ 
tion  de  ces  champs  magr.etiques. 

La  mesure  des  flux  de  particules  solaires  de  basse 
Snergie  permet  sans  doute  de  priciser  les  conditions  de  propagation 
dans  l’espace  interplan§taire. 

L’ utilisation  de  toutes  cos  donnees  complementaires 
a  permis  en  fait  de  prgvoir  1’ activity  solaire  avec  une  pricision 
3urprenante  (  de  80  3  90  if  )  et  les  §v3nements  les  plus  importants 
dans  une  proportion  non  nSgligeable  (  de  50  3  70  t  ). 


the  Short  Term  Forecast  of  Solar  Activity 
and  Geophysical  Events. 


by  P.  SIMON. 

IIIOS  Secretary 
Observatoire  de  Meudon  (  France  ). 


A  description  of  the  forecasting  methods  related 
to  the  solar  activity  or  to  the  geophysical  events  is  a  hard  task: 
the  layers  of  the  sun  are  studied  tnrough  several  techniques  as  va¬ 
rious  as  radio  astronomy  and  X  ray  astronomy.  One  object  like  sun¬ 
spots  can  be  studies  in  white  light  in  order  to  study  its  area;  on 
several  lines  in  order  to  study  their  magnetic  field  (  by  their 
Zeeman  effect  )  arid  the  Evershed  effect  (  by  the  Doppler  shift  ).  The 
chromosphere  could  be  studied  in  many  lines  like  the  H  alpha  line, 
a  Calcium  line,  some  part  of  the  X  ray  spectrum  and  the  centimetric 
radio  waves  but  not  two  of  these  techniques  gives  exactly  the  same 
information.  The  corona  can  be  observed  on  the  limb  by  the  seatterred 
light  and  mainly  on  she  disk  at  different  radio  wave  lengths.  The 
more  techniques  which  exist,  the  more  information  we  are  supposed  to 
obtain  but  in  fast  the  physical  meaning  of  many  of  them  are  not  yet 
very  definite  and  we  cannot  resume  the  forecasting  methods  to  the 
acquisition  of  few  accessible  sizes.  By  the  way  we  must  use  simulta¬ 
neously  several  kinds  of  data  with  their  own  classification  and  it 
does  not  simplify  the  presentation. 

However  some  scientific  basis  exists  which  allows 
some  valuable  methods  of  prediction.  Since  3957  with  the  International 
Geophysical  Year,  the  development  of  the  Solar  Radio  Astronomy,  the 
birth  of  the  Space  Research,  the  improvement  of  the  Solar  Magnetographs, 
the  organization  by  the  commission  X  of  the  I  A  U  of  several  projects 
like  the  Cooperative  Study  of  Solar  Active  Regions  and  the  1966  Proton 
Flare  Project,  our  knowledge  of  the  Solar  Activity  has  been  definitely 
improving  during  these  last  years.  Now  the  experience  of  the  solar 
observers  is  not  the  only  background  for  such  a  prediction.  The  fore¬ 
casters  must  get  many  data  obtained  through  these  various  techniques 
and  they  can  issue  their  forecast  mostly  according  to  a  scientific 
process.  The  first  evidence  of  this  possibility  came  out  during  the 
1966  Proton  Flare  Project  when  the  solai>  astronomers  had  received  on 
tine  the  prediction  of  three  expected  Proton  Events  that  later  they 
had  observed.  Of  course  they  had  been  lucky  but  it  is  a  sign  of  the 
future  possibility  in  this  field. 

Let  us  point  out  that  this  improvement  of  the  fore¬ 
cast  concerns  mostly  the  Solar  Activity  (  i.  e.  the  espected  growth 
and  complexity  of  the  active  centers  )  and  only  as  a  consequence,  the 
prediction  of  the  solar  events  and  of  their  terrestrial  effects.  By 
the  way.  there  is  some  possibility  to  improve  the  daily  estimate  of 
the  future  variation  of  the  ionising  radiations:  she  practical  problem 
is  mainly  related  to  a  closer  cooperation  between  solar  and  ionospheric 
forecasters  in  order  tc  issue  the  solar  forecast  in  terms  easy  to  use 
for  the  ionospheric  forecast. 

Let  us  start  with  a  brief  review  of  the  solar  events 
linked  to  some  ionospheric  effect.  Then  we  will  see  what  have  been  in 
this  field  the  original  contributions  of  radio  astronomy,  of  solar 
magnetic  field  observations  end  of  space  research.  We  will  conclude 
with  a  few  comments  on  the  practical  limits  of  the  forecast  and  on 
an  estimate  of  its  success. 
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We  name  "  geophysical  events  **  the  solar  flares  which 
go  with  or  are  followed  by  Ionospheric  disturbances  or  any  other 
effect  perceived  near  the  earth  \  particles  arrival,  geomagnetic  dis¬ 
turbance,  a.  s.  o.  ..)  As  a  matter  of  fact,  any  flare  activity  has  a 
consequence  upon  the  earth,  but  for  now  we  only  take  into  account  their 
classical  and  definite  effects. As  far  as  the  forecasting  problem  are 
concerned,  we  insist  upon  the  fact  that  there  is  a  wide  difference 
between  the  duration  and  geographic  extent  of  the  various  kinds  of 
events . 

The  differents  kinds  of  Sudden  Ionospheric  Disturbance 
are  the  consequence  of  E  U  V  and  X  Ray  bursts  oc curing  during  the 
flash  phase  of  a  flare:  they  are  concerned  with  the  enlightened  part 
of  the  earth  and  they  last  about  a  few  tens  minutes.  They  ought  to  be 
forecast  before  the  event,  but  unfortunately  we  do  not  have  the  least 
indication  which  allows  us  to  predict  the  very  moment  of  issue  of  the 
flare . 

The  particle  events  have  a  specific  geographic  field 
for  their  arrival.  Between  20  and  80  Mev  the  protons  are  first  concerned 
with  the  Polar  Cap  (PCS)  and  later  on  with  the  auroral  zone.  The 
onset  of  the  absorption  may  be  observed  from  20  minutes  to  several 
hours  after  the  flare  and  its  duration  can  be  several  days  with  a 
diurnal  effect.  The  highest  energy  events  (  Gev  or  more  )  are  very  few 
but  they  are  concerned  with  the  Ground  Level  of  the  Earth  (  G  L  E  )  : 
the  increase  of  the  counting  rate  of  neutron  monitors  starts  20  minutes 
after  the  event  and  last  several  hours.  According  to  the  earth  magnetic 
field,  the  way  they  go  into  the  terrestrial  atmosphere  is  monitored 
by  their  energy  and  their  first  direction:  they  can  arrive  at  any 
place  on  the  surface  of  the  earth.  Between  these  two  ranges  of  energy 
the  particles  are  detected  by  balloons  flying  at  their  ceiling  (  or 
by  earth  satellites  )  and  the  terrestrial  magnetic  field  leads  them 
in  direction  of  the  auroral  zone  on  the  earth.  Porecastsand  alerts 
are  possible  as  far  as  such  events  are  concerned  :  the  forecast  is 
issued  a  few  days  before  the  event  and  an  alert  can  be  issued  several 
minutes  after  the  beginning  of  the  flare  if  it  has  been  possible  to 
identify  the  event  before  the  particles  arrival. 

Some  magnetic  storms  are  related  to  a  flare:  they 
usually  start  about  one  or  several  days  after  the  solar  event  and  the 
disturbance  goes  on  during  one  or  several  days.  The  solar  event  to 
which  it  had  been  related  can  be  forecast  in  a  more  definite  way  after 
the  flare  appearance,  and  the  geomagnetic  storm  can  be  announced  in 
advance. 


The  main  int'ersst  of  solar  radioastronomy  consists  in 
observing  the  high  chomosphere  and  the  corona  on  the  disk:  the  biggest 
and  most  sophysticated  instruments  could  locate  the  sources  and  follow 
their  evolution  and  movements.  Briefly  speaking,  the  longer  the  wave¬ 
length  is,  the  higher  the  source,  the  centimetric  wave  being  generated 
mostly  at  a  chomospheric  level  and  the  meter  wavelength  around  half  a 
solar  radius  or  further  in  the  corona. 

The  first  contribution  of  the  radioastronomy  has  been 
to  establish  a  link  between  the  radio  burst  and  the  particle  emission: 
amongst  the  many  flares  which  come  out  on  the  solar  disk,  the  only 
flares  which  are  related  to  the  most  energetic  particle  emission  are 
those  which  have  strong  long  centimetric  bursts  (  M.  PICK,  1961  }. 

Most  of  these  events  also  give  birth  to  a  kind  of  metric  or  decametric 
bursts  with  a  very  large  banwidth  which  has  been  classified  as  a  type 
IV  burst  (  A.  BOISCHQT  1958  ),  but  taking  into  account  an  effect  of 
directivity  this  component  is  not  easy  to  observe  as  far  as  the  events 
are  related  to  the  sides  of  the  solar  disk. 


fi  -  S 


The  shape  of  these  centimetric  hurts  (  mostly  taose 
around  three  centimeters  )  closely  follows  that  of  the  X  ray  burst 
with  an  energy  situated  about  10  -  20  Kev  (  R.  L.  ARNOLDY  et  al.  1968) 
it  seems  quite  reasonable  to  admit  that  they  are  produced  by  the  same 
set  of  electrons.  By  the  way,  these  kind  of  flares  produce  stronc  sud¬ 
den  ionospheric  disturbances  (  P.  SIMON  I960  ). 

The  large  outbursts  are  linked  with  flares  on  spotted 
active  centers  (  H.  DODSON  W.  HEIDMAN,  I960  ).  More  precisely,  the 
centimetric  burst  comes  out  when  the  brightest  part  of  the  flare  arri¬ 
ves  at  a  spotted  area  (  J.  M.  MALVILLE,  S.  P.  SMITH,  1963  ). 

Another  family  of  flares  is  related  though  not  so 
strongly  to  the  birth  or  evolution  of  metric  noise  storms  (  or  type  I 
burts) (A.  M.  LE  SQUEREN,  1964  ). 

All  of  these  remarks  have  their  importance:  they  al¬ 
low  a  determination  of  the  first  efficient  process  for  an  easy  identi¬ 
fication  of  most  of  the  flares  which  are  related  to  an  earth  particles 
arrival  and  to  build  up  a  study  of  the  linked  active  center  features. 

When  studying  the  centimetric  sources  on  the  solar 
disk,  and  using  a  large  interferometer.,  KUNDU  has  been  the  first  to 
establish  a  link,  between  the1  large  centimetric  outbursts  and  the  very 
narrow  and  bright  centimetric  solar  sources  (  M.  KUNDU,  1959  ) .  Later 
on,  TANAKA  found  a  new  criterium  concerning  most  of  the  sources  of 
high  energy  protons:  their  spectrum  around  this  wavelength  (  from  3  to 
8  centimeters  )  is  very  flat  (  H.  TANAKA,  T.  KAKINUMA,  1964  ) .  Such  a 
difference  between  the-  spectra  is  related  to  the  optical  features  of 
the  active  centers  (  Y.  AVIGNON,  M.  J.  MARTRES,  M.  PICK,  1966  ). 

More  generally,  the  flare  followed  by  radio  outburst 
usually  appears  related  to' two  kinds  of  active  configurations:  the  A 
configuration  with  two  spotted  areas  of  about  the  same  Size  and  oppo¬ 
site  polarities  close  to  each  other,  or  the  B  configuration  with  a  big 
unipolar  spot  surrounded  by  a  dark  filament  like  an  eyebrow  (  Y.  AVI¬ 
GNON  et  al  1564.  C.  CAROUBALOS,  1964  ).  Anyway  we  must  point  out  that 
as  a  matter  of  fact  several  flares  could  be  reported  in  that  area 
without  any  centimetric  component:  only  those  which  cover  spotted  areas 
coincide  with  X  ray  burst  and  centimetric  outburst  and  up  to  now  we 
ignore  when  a  flare  will  extend  in  the  direction  of  spotted  area. 

The  identification  of  the  flares  which  are  reponsible 
for  the  geomagnetic  disturbances  is  not  easy  to  be  related  due  to  the 
large  delay  between  the  flare  and  the  disturbance.  The  particle  effects 
(  GLE,  FCE)  made  larger  the  number  of  easy  identifications  and 
made  safer  the  value  of  the  relation  between  flares  and  geomagnetic  dis¬ 
turbances.  According  to  OBAYASI  (  T.  OBAYASHI ,  1962  )  the  delay  of  the 
storm  related  to  the  flare  definitely  increases  when  the  geomagnetic 
disturbance  is  the  first  of  a  succession  of  disturbances.  The  flux 
and  the  duration  of  the  centimetric  burst  give  a  possibility  of  predic¬ 
ting  the  delay  (  C.  CAROUBALOS,  1964  ). 


Following  such  an  improvement  of  our  knowledge  of  the 
solar  activity,  many  other  facts  have  been  pointed  out  and  open  a  new 
philosophy  concerning  the  flares  process  and  flare  activity. 

First  of  all,  the  flares  are  not  distributed  at  random 
amongst  the  active  centers.  With  I  G  Y  the  survey  of  the  flare  activi- 
ty  was  improved  definitely,  thanks  to  the  start  of  the  cinematographic 
flares  patrols  and  a  better  coverage  all  around  the  world.  The  flares 
reports  are  not  homogeneous  (  H.  DODSCN  et  all964)  but,  in  any  case 
some  active  centers  are  good  producers  of  flares  when  other  are  very 
quiet.  A  prompt  identification  of  20  %  of  the  most  active  spots  gives 
a  possibility  of  forecasting  80  %  of  the  flares. 
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On  the  other  hand,  the  importance  of  a  flare  related 
to  its  area  and  brightness  in  the  H  alpha  line  is  not  sufficient  to 
allow  us  to  give  any  estimate  of  its  geophysical  effects.  The  obervers 
reports  may  happen  to  be  a  source  of  such  a  discrepancy;  the  commission 
X  of  0  A  I  has  recently  improved  the  publication  of  the  flares  reports 
in  the  Quarterly  Bulletin  of  the  Solar  Activity  with  new  rules  for  the 
selection  with  a  view  to  establish  a  list  of  confirmed  flares.  Anyway 
the  conclusion  still  is  that  many  flares  (  importane  2  or  more  ),  most 
of  them  originated  in  unspotted  areas,  do  not  have  any  important  geo¬ 
physical  effect. 


Third,  the  frequency  rate  of  the  flare  appearence 
followed  by  the  most  spectacular  geophysical  effects  is  not  proportio¬ 
nal  to  the  evolution  of  the  solar  cycle  as  it  is  computed  according 
to  the  Wolf  number  or  the  idem  f lux.  It- is  obvious  in  the  case  of  the 
type  IV  bursts  (  L.  KRIVSXY,  A.  KRUGER,  1966  )  and  quite  definite  in 
the  case  of  P  C  A  events  (  Z.  SVESTKA,  5966  )  which  occur  mostly  during 
the  increasing  and  the  decreasing  phase  of  the  solar  cycle.  The  philo¬ 
sophy  of  such  a  remark  comes  to  the  conclusion  that  the  most  spectacu¬ 
lar  geophysical  events  (  and  as  a  matter  of  fact  the  flare  activity  ) 
are  by  no  means  linked  with  the  global  number  of  active  centers  (  Wolf 
number  )  nor  with  the  10  cm  total  flux,  but  to  the  time  of  formation 
of  some  specific  arrangement  of  spotted  area  on  the  solar  disk:  for 
some  reason  this  arrangement  is  not  only  the  fact  of  the  large  number 
of  active  centers  on  the  surface  of  the  solar  disk. 


In  view  of  the  forecast  of  the  events,  the  policy  of 
a  forecasting  method  would  consist  in  predicting  the  formation  of  the 
flaring  centers  or  at  least  in  identifying  them  as  soon  as  possible 
as  well  as  following  their  evolution  very  closely  as  to  be  allowed  to 
forecast  the  same  events.  For  such  a  purpose  a  detailed  study  of  the 
magnetic  structures  of  the  active  centers  has  given  us  the  most  exact 
approach  up  to  now. 

Roughly  it  is  possible  to  classify  the  solar  magnetic 
field  into  three  classes  :  a  strong  magnetic  field  of  several  hundred 
or  thousand  gauss  related  to  the  spotted  area,  the  medium  magnetic 
field  between  a  few  tens  to  a  hundred  gauss  (  which  is  mostly  connected 
with  calcium  plage  )  and  the  weak  magnetic  fi.elds  not  so  strongly  rela¬ 
ted  to  the  optical  features  of  the  disk  of  che  sun. 

The  weak  magnetic  field  areas  have  been  studied  at  Mt. 
Wilson  Observatory  where  experiments  on  the  solar  magnetic  field  are 
quite  a  tradition.  They  seem  to  be  very  likely  connected  with  the  in¬ 
terplanetary  magnetic  structures  which  come  to  sweep  the  earth  accor¬ 
ding  to  the  rotation  of  the  sun  (  N.  F.  NESS,  J.  M.  WILCOX,  1966  ). 

This  is  of  importance  as  far  as  the  forecast  of  the  recurrent  geomagne¬ 
tic  storms  is  concerned  during  the  decreasing  phase  of  the  solar  cycle 
(  J.  M.  WILCOX,  N.  ?.  NESS,  1965  ;  V.  BUMBA,R.  HOWARD,  1965  ). Another 
interesting  element  consists  of  the  tendency  of  the  solar  activity  to 
follow  the  stable  streams  and  rows  of  that  kind  of  weak  magnetic  field 
areas  (  V.  BUMBA,  R.  HOWARD  1969  )  whic&^onfirmed  by  previous  studies 
about  priviledgea  longitudes  on  the  sun  (  M.  W.  HAURWITZ,  1968;  Z. 
SVESTKA,  1968  )but  does  not  keep  one  from  studying  the  sun  with  the 
purpose  of  determining  the  date  of  the  events. 

The  medium  magnetic  field  coincides  closely  with  the 
calcium  plages  approaching  the  isogauss  of  a  few  tens  gauss  (  M.  J. 
MARTRES  et  al  1966  )  and  the  inversion  line  of  the  longitudinal  compo¬ 
nent  is  most  of  the  time  indicated  by  a  dark  filament.  The  first  knots 
of  the  flare  start  along  the  inversion  line  (  see  also  G.  E.  M0RET0N, 

A.  SEVERNY,  1968  ).  The  more  complicated  the  inversion  line  features 
are,  the  larger  probability  to  observe  a  flare  (  see  also  S.  SMITH,  R. 
HOWARD  ,  196o  ).  Sometimes  this  line  is  very  simple,  flare  is  reported 


with  the  row  well  described  double  ribbon  shape  evolving  rapidly  into 
an  Y  shape  (  Z.  SVESTKA,  1962  ).  These  shape  and  movement  have  been 
connected  with  the  process  of  acceleration  of  the  high  energy  protons 
(  L.  KRIVSKY ,  1969  )  but  it  is  definite  that  the  proton  arrivals  are 
reported  only  for  flares  on  spotted  areas  and  that  two  ribbons  shape 
if  a  common  feature  also  of  flare  securing  on  unspotted  plages.  By  the 
w<  y  the  flare  forecast  must  be  connected  with  the  neutral  line  feature 
ai.d  also  with  the  sunspot  evolution. 

The  strongest  magnetic  fields  exiat  in  the  spotted 
areas  :  they  give  the  few  precursors  of  a  geophysical  event  :  a  gradi¬ 
ent  (  more  thar.O,lQauss/kilometer  )  is  a  good  indicator  of  the  coming 
occurence  of  a  major  flare  followed  by  a  P  C  E  or  by  the  arrival  of 
100  Mev  protons  recorded  by  balloons  or  satellites  near  the  earth’s 
atmosphere  (  3.  I.  GOPASIUK  et  al.  1963  )• 

The  cooperative  study  of  the  solar  active  regions  spon¬ 
sored  by  the  commission  X  of  IAU  gave  us  the  required  material  for  a 
more  precise  study  of  the  flare  frocess  connected  with  this  spot  feature. 
For  a  long  time  it  has  been  evident  that  there  exists  a  strong  relation 
between  the  flares  and  the  evolution  of  the  spotted  regions  as  well  as 
their  configuration  (  R.  G.  GIOVANELLI,  1939  )•  A  very  carefull  study 
of  the  nourly  evolution  of  the  individual  spots  in  connection  with  their 
magnetic  polarity  (  M.  J.  MARTRES  et  al.  1968  a,  b  )  and  with  their 
magnetic  flux  (  E.  RIB3S,  1969  )  allows  to  establish  that  the  flares 
occur  when  two  magnetic,  structures  of  opposite  polarity  are  close  to 
each  other  and  each  of  them  evolves  the  opposite  way:  that  is  one  in¬ 
creasing,  the  other  decreasing  in  term  of  total  flux  or  field  evolution. 

Combining  all  these  results  it  is  definite  that  the 
forecast  of  the  flares  with  their  importance  and  their  geophysical 
effect  comes  mostly  from  the  precise  study  of  the  medium  and  strong 
magnetic  field  data. 


The  general  philosophy  of  these  various  results  could 
be  specified.  The  identification  of  the  magnet ‘c  areas  which  are  the 
basic  structures  of  the  active  centers  is  the  first  approach  in  view  of 
any  forecast  of  the  solar  activity.  Magnetic  observations  easy  to  be 
reduced  as  well  as  correlated  optical  features  are  the  complementary 
material  to  use. 


The  second  step  consists  in  the  prediction  of  their 
future  evolution.  It  involves  the  forecast  of  the  building  of  any  new 
"  active  structure  "  i.  e.  a  group  formed  by  two  spots  of  opposite  pola¬ 
rity  very  close  to  each  other  and  the  prediction  of  the  way  each  of  its 
magnetic  areas  evolves,  in  view  of  the  flare  process. 

The  last  point  is  that  this  forecast  must  involve  the 
evolution  of  the  unspotted  plages  and  of  the  smallest  units  of  the 
spotted  active  areas:,  these  ’ast  ones  can,  as  a  matter  of  fact,  be  very 
good  producers  of  flares  (  M.  J.  MARTRES  et  al.  1966). 


Practically  we  cannot  forecast  the  place  nor  the  date 
of  birth  of  any  new  active  center  :  we  must  start  from  its  very  first 
appearance  and  only  forecast  its  evolution. 

The  complexity  of  an  active  center  is  strongly  related 
to  the  remnant  magnetic  field  and  to  she  place  of  the  two  basic  new 
polarities  amongst  the  existing  magnetic  areas  (  M.  J  MARTRES,  1968  ). 
It  makes  the  regular  evolution  of  a  bipolar  group  change  and  can  promote 
the  anomalous  growth  of  its  following  part. 
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The  most  interesting  situation  is  the  almost  simulta¬ 
neous  birth  of  several  groups  at  about  an  equal  longitude  and  with  a 
slight  difference  of  latitude  :  they  grow  very  fast,  and  because  of 
the  differential  rotation  they  can  give  birth  to  a  very  wide  active 
configuration.  The  birth  of  a  new  group  at  the  right  place  near  a 
decreasing  active  center  can  produce  many  flares.  Some  spots  can  also 
move  inside  a  group  of  spots  (  Me  INTOSH,  1968  )  and  we  cannot  avoid 
the  possible  influence  of  other  groups  at  distance  from  the  former 
(  L.  KRIVSKY,  V.  OBRIDKO,  1969  )  . 


The  experiments  carried  out  aboard  satellites  or  space 
probes  can  give  interesting  material. 

The  X  ray  experiments  give  new  interesting  '.at a  :  our 
knowledge  concerning  the  detailed  solar  spectrum  is  at  its  beginning 
concerning  its  link  with  the  active  centers,  but  for  several  years 
we  have  been  collecting  the  SQLRAU  observations  for  each  ten  minutes 
pass,  which 'give  the  flux  through  several  windows  well  distributed 
among  the  X  ray  spectrum.  The  variation  of  a  colour  index  between  the 
1  -  8  S  and  8  -  20  A  flux  is  a  good  indicator  of  the  increasing  activi¬ 
ty  (  R.  MICHARD,  E.  RIBES,  1968  )  and  the  report  of  a  flux  on  the  band 
0,5  -  3  A  seems  to  be  the  index  of  the  formation  of  an  active  configu¬ 
ration  (  A.  CHAMBE,  1969  ). 

A  difficult  problem  comes  from  the  understanding  of 
the  observed  increase  of  the  flux  of  the  low  energy  protons  (  around 
a  few  Mev  ).  They  are  connected  with  the  report  of  flare  producer 
centers  (  C.  Y.  FAN  et  al.  1968  )  and  the  fastimpulses  of  the  fluxe 
are  mostly  connected  with  the  flare  occurence. 

One  can  also  admitt  that  the  report  of  this  flux  is 
more  strongly  linked  with  the  structure  of  the  interplanetary  magnetic 
field  than  with  an  unusual  activity  of  the  sunspots  group  (  K.  A.  AN¬ 
DERSON,  1969  ).  By  the  way  the  prompt  report  of  such  increase  of  the 
flux  is  an  indication  of  an  easy  way  for  the  particles  to  travel  from 
this  place  to  the  earth;  ih  Tact  during  such  a  permanent  flux,  someti¬ 
mes  the  flares  are  iirixed  with  sn  increase  of  the  energy  of  the  parti¬ 
cles  and  the  low  energy  flux  move  suddenly  in  a  P  C  E  and  in  an  high 
energy  event. 


According  to  this  scientific  basis  the  forecaster  works 
exactly  as  the  intelligence  of  a  man,  using  his  memory  of  the  past  e- 
vents  and  his  knowledge  of  the  actual  status  in  view  of  the  forecast 
of  the  future  evolutior. 

For  most  of  the  scientists  interested  in  cosmic  ray 
physics  or  in  space  science  research,  the  surprising  aspect  of  a  solar 
forecasting  center  is  the  large  amount  of  data  flowing  day  and  night 
for  the  forecast.  In  fact  this  large  number  of  contributing  institutions 
is  a  problem  that  we  cannot  avoid.  Until  now  we  cannot  forecast  the 
solar  activity  .iust  with  few  censors  operating  day  and  night:  it  is 
the  fact  of  the  complexity  of  the  solar  activity,  of  our  ignorance  of 
many  involved  process  and  also  of  the  effect  of  the  weather  on  the  opti¬ 
cal  data.  We  must  have  an  active  cooperation  between  the  technicians  of 
the  contributinginstitiites  and  their  regional  forecasting  centers  and 
betreen  the  regional  warning  centers  themselves.  The  data  must  be  sent 
from  the  observing  stations  to  the  forecasting  centers  as  soon  as  possi¬ 
ble  after  the  observation  or  sometimes  they  must  be  reported  on  real 
time.  The  forecasting  centers  must  exchange  their  data  and  supply  the 
centers  situated  in  the  dark  terrestrial  hemisphere.  All  this  coopcra- 
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tion  has  been  arranged  by  the  International  Ursigram  and  World  Day 
Service  since  1962  and  by  its  parent  services  since  1938  under  the 
leadership  of  U  R  S  I  .  The  last  code  booklet  describing  the  service 
and  its  possibility  has  been  issued  this  year  thanks  to  U  N  E  S  C  0 
assistance. 

The  obtained  data  are  combined  and  could  be  used  ac¬ 
cording  to  several  methods  in  accordance  with  the  process  adopted  at 
each  forecasting  center. One  report  can  be  usad  for  several  purposes 
but  most  of  the  time  several  reports  must  be  used  in  order  to  inter¬ 
pret  correctly  just  one  event  or  tho  evolution  of  one  active  center. 
This  point  is  certainly  the  most  difficult  task  of  the  forecasters 
and  several  techniques  are  used  in  order  to  help  them. 

Another  difficulty  comes  from  the  lack  of  information 
on  the  back  side  of  the  solar  disk.  First  of  all,  some  events  can  have 
an  effect  at  the  earth:  the  28  January  1 966  event  is  supposed  to  be  of 
this  kind  Second,  an  active  center  passing  the  East  limb  must  be  eva¬ 
luated  as  soon  as  possible  in  verms  of  its  past  activity  and  it  is  not 
easy:  the  perspective  effect  prevail  a  good  study  of  the  center  and 
the  magnetic  field  cannot  be  measured  before  about  tne  60  0  helicgra- 
phic  longitude.  It  gives  a  bad  value  ac  the  forecast  of  the  east  limb 
activity.  Fortunately  most  of  the  important  events  like  P  C  E  and  hign 
energy  proton  arrival  have  an  east-wesc  asymmetry  and  very  few  solar 
events  at  the  east  limb  could  disturb  the  earth's  atmosphere  aoart  the 
SID  effect. 

Another  limit  of  the  forecast  is  the  importance  of  the 
birth  of  an  active  c-er.ter  near  a  decreasing  one  or  of  any  simultaneous 
births  of  several  active  centers  very  close  together.  These  two  kinds 
of  circumstances  could  produce  a  fast  evolving  center  ar.d  in  .fact  pre¬ 
vail  of  any  valuable  forecast  several  days  ir.  advance.  Surely  when  the 
solar  disk  is  free  of  any  active  region  or  has  just  a  few  scattered 
decreasing  centers  the  probability  of  an  increase  of  the  solar  activity 
is  very  low  but  a  complex  of  regions  could  turn  at  the  east  limb  and 
give  X  ray  bursts  and  SID  and  new  births  on  the  disk  could  produce 
also  many  events  of  this  kind  after  one  or  two  days.  The  general  increa¬ 
se  of  the  activity  on  all  the  solar  disk  is  a  well  known  aspect  of  the 
SGlar  activity  and  we  ignore  why  and  when  it  would  happen.  The  passage 
of  a  privileged  active  longitude  can  increase  this  possibility  but  as 
long  as  we  will  ignore  when  ar.d  where  an  active  center  will  appear, 
it  is  only  this  first  appearance  which  will  give  a  possibility  of  esti¬ 
mating  the  importance  of  this  birth. 


What  is  the  practical  efficiency  of  a  forecast  based 
on  this  scientific  background  with  the  actual  circulation  of  solar  data? 
Due  to  the  delay  of  the  final  publication  of  the  solar  data  and  to  the 
amount  of  the  involved  work  we  have  just  checked  up  the  last  three 
months  period  of  the  available  Quartely  Bulletin  of  the  Solar  Activity 
(  July  /  September  1963  )  at  the  Meudon  forecasting  center.  We  issue 
the  forecast  according  tc  four  class  of  activity  (  see  I  U  W  D  S  Code 
Booklet  } : 

A  CALM  CENTER  had  less  than  one  flare  or  confirmed  subflare  a  day. 

Several  flares  or  subflares  occured  daily  on  the  ERUPTIVE  CENTERS. 

The  Geophysical  Events  are  reported  on  the  ACTIVE  CENTERS. 

The  PROTON  CENTERS  could  accelerate  a  flux  of  high  energy  protons 

;  (  20  Mev  or  moi-e  )  . 

During  this  period  th~  rate  of  the  right  forecast  of 
the  solar  activity  has  been  of  82  i  a  „  if  we  consider  as  a  wrong  fore¬ 
cast  the  report  of  a  kind  of  activity  more  important  than  the  forecas¬ 
ted  activity,  the  rate  of  the  wrong  forecast  has  been  of  7 >3  %•  One  can 
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see  in  table  I  that  the  solar  activity  has  not  been  so  low  during 
this  period. 

Another  check  up  has  been  related  to  the  events:  du¬ 
ring  the  last  year  (  dune  1968  /  April  1969  )  about  a  third  of  the 
Outstanding  Events  have  been  forecast  on  time,  but  when  we  have  in 
mind  the  difficulty  of  a  prediction  of  the  3imb  events  (  especially 
the  East  limb  )  and  with  the  overestimated  forecasts,  70  $  of  the 
outstanding  geophysical  events  and  *0  %  of  the  high  energy  proton 
events  have  been  predicted. 


It  is  obvious  that  the  forscast  of  the  solar  activi¬ 
ty  works  now  wivh  a  strong  scientific  basis  and  it  will  improve  surely 
in  the  future.  My  own  feeling  is  that  at  this  time  the  ionospheric 
forecasters  do  not  know  really  the  actual  value  of  the  forecast  of 
the  solar  activity  issued  by  the  solar  forecasters-  Vay  be,  the 
point  is  only  that  the  solar  forecastersdon't  issue  tiei?-  forecast 
in  a  useful  form  for  them  :  anyway  a  closer  cooperation  would  contri- 
bue  to  a  better  solution  of  these  problems  ced  the  purpose  of  this 
paper  is  of  contributing  to  usefull  discussions  on  these  problems. 
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Table  1. 

The  daily  forecast  activity  of  any  spotted  active  center  (  lines  ) 
at  the  time  of  the  reported  activity  (  column  )  from  July  lat  tc  September 
29th  1968.  During  thiij  period  237  sub flares,  118  flares  impurtance  1, 
it  importance  2  and  one  importance  3  occured  and  13  of  them  have  been 
accompanied  by  noticeable  centimetric  bursts. 
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Table  2. 

The  forecast  activity  (  lines  }  at  the  tiai  of  the  reported  events 
(  column  >  from  June  1958  to  April  1963.  The  events  are  only  those  looking 
ac  outstanding  events  according  to  the  available  lata  at  the  end  cf  May 
1969. 
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X-ray  and  particle  emission  during  solar  flares  can  sufficiently  increase 
the  electron  density  in  the  lover  ionosphere  to  cause  disruption  of  high  frequency 
radio  coraun i cat ions .  For  several  year3  the  Naval  Research  Laboratory  has  been 
using  satellite-borne  detectors  to  Measure  solar  x-ray  energy  flux  in  the 
0.5-3A,  1-8  A  t  8-20A,  1-20A,  and  44-60A  bands.  The  daily  data  eaaple  covers  fro* 
thirty  to  ninoty  minutes  over  a  twenty-four  hour  span.  Based  on  these  neasure- 
nents;  statistical  criteria  have  been  established  to  predict  periods  of  high  solar 
activity  during  which  solar  flares  capable  of  disrupting  cominications  night 
occur.  A  study  of  the  occurrence  of  Class  2  or  greater  flares  over  a  twenty-three 
nonth  period  shows  that  these  large  flares  are  four  tines  more  likely  to  occur 
when  the  criteria  are  net  than  when  they  are  not  net.  This  result  is  quite 
promising  considering  the  sparse  x-ray  data  with  which  the  criteria  were  formulated. 
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I.  SOLAR  EVERTS  ANT)  IONOSPHERIC  DISTURBANCES 

It  is  generally  agreed  that  ionospheric  disturbances  which  disrupt  radio 
communications  can  be  caused  by  x-ray  and  particle  emission  from  solar  flares. 
Figure  1  demonstrates  the  close  relationship  between  the  x-ray  emission  froic  a 
Class  2B  solar  flare  and  a  short  wave  fadeout  (SWF)  which  occurred  on 
October  31,  1968  The  x-ray  data  presented  in  the  figure  were  obtained  from  the 
Naval  Research  Laboratory's  SOLRAD  9  Satellite.  The  short  wave  data  were 
obtained  from  a  BF  sounder  link  between  California  and  Hawaii  and  were  made 
available  by  the  Naval  Weapons  Center  Corona  Laboratories.  Between  2200  and 
2237  UT,  the  radio  data  show  the  normal  lowest  useable  frequency  to  be  between 
11  and  12  MHz.  At  2237  UT  the  short  wave  fadeout  begins  and  becomes  complete 
across  the  HF  band  by  2303  UT.  By  2332  UT  the  short  wave  fadeout  has  ended  and 
the  normal  lowest  useable  frequency  is  again  available  for  communication.  Note 
that  the  commencement  of  the  SWF  coincides  with  an  x-ray  energy  flux  of 
approximately  8  x  10“^  ergs/cm2/sec  for  the  1-8A  band  and  the  peak  x-ray  flux 
levels  coincide  with  the  totality  of  the  SWF. 

There  are  two  important  mechanises  by  which  solar  flares  can  affect  the 
ionosphere.  Solar  x-rays  having  wavelengths  le3S  than  £A  are  able  to  peretrate 
to  the  D  region.  Since  these  harder  x-rays  dissipate  their  energy  by  ionizing 
atoms  and  molecules,  the  increased  emission  of  these  relatively  short  wavelength 
x-rays  during  solar  flares  results  in  increased  electron  concentration  Jn  the  I> 
region  and  an  effective  decrease  in  altitude  for  the  lover  edge  of  the  iouoophere. 
The  higher  electron  concentrations  c  use  increased  jbsorption  of  SV  signals 
passing  through  the  D  region  auu  the  change  in  altitude  of  tie  lower  edge  of  tha 
ionosphere  affects  VLF  signal  propagation.  X-iay  induce.)  ionospheric  chan*-*.*? 
are  greatest  at  the  subsolar  point  and  decrease  wit!:  distance  from  this  point. 

The  time  lag  between  the  detection  of  a  solar  Hare  by  optical  cr  x-ray  sensors 
and  commencement  of  x-ray  induced  ionospheric  changes  is  a  matter  of  seconds  and 
the  effects  generally  last  less  than  one  hour  with  ecc clonal  disturbances 
lasting  two  or  three  hours. 

Changes  in  the  D  region  are  also  caused  h*r  tb«?  increased  emission  of  r,:v.v  ,-gt  d 
particles  during  solar  flares.  As  the  change  !  particles  approach  the  earth,  they 
are  guided  toward  the  polar  regions  by  the  earth's  magnetic  field.  This  results 
m  an  increased  electron  density  in  the  lov-sr  altitudes  of  the  polar  regions  and 
absorption  of  BF  radio  signals  passing  through  the  polar  regions.  Thiu  pfcer-twenon 
is  called  a  polar  blackout  or  a  polar  cup  absorption  (PCA).  Although  PCA's  are 
generally  confined  to  the  auroral  zones,  unusually  intense  solar  particle  bomba-d- 
aent  can  cause  them  to  spread  to  lower  latitudes.  In  1956  a,  PCA  spread  to  within 
SO  degrees  of  the  equator,  although  its  effects  wore  still  most  pronounced  and 
long  lasting  at  higher  latitudes.  The  time  lag  between  the  detection  ei  a  solar 
flare  and  the  onset  of  a  PCA  varies  from  several  hours  to  a  day  or  two,  if  the 
PCA  occurs  at  all.  Although  PCA's  are  due  to  solar  flares,  only  a  few  flares, 
and  not  necessarily  the  largest,  produce  them.  However-  when  a  PCA  does  occur, 
it  lasts  for  several  days. 


II.  HISTORY  OF  NRL  SOLAR  X-RAY  PROGRAM 

The  existence  of  solar  x-rays  and  their  interaction  with  che  ionosphere  had 
besn  independently  suggested  in  1938  by  Hulburt^  and  Vegard2.  In  1949,  NRL  began 
a  systematic  study  of  solar  x-ray  emission  by  means  of  rocket-borne  detec tors. 
Buraight  ,  using  photographic  film  packets,  first  presented  evidence  for  the 
existence  of  solar  x-rays,  although  the  intensities  claimed  are  incompatible  with 
the  fluxes  known  today.  Definitive  detection  was  f  irn*;  obtained  by  Friedman 
et  al.  using  x-ray  sensitive  Geiger  counters  in  September  1949.  Experiments  by 
Chubb  et  al.®  disclos'd  that  x-ray  emission  during  solar  flares  was  capable  of 
penetrating  to  the  lower  ionosphere  and  was  a  more  reasonable  cause  of  sudden 
ionospheric  disturbances  (SID)  than  was  solar  Lyman  Alpha  omission. 

Because  of  the  impossibility  of  observing  the  initial  phases  of  solar  flares? 
by  rocket-borne  instruments  and  because  of  the  short  duration  of  the  individual 
rocket  flights,  earth  satellites  were  used  to  carry  the  NRL  x-ray  detectors 
beginning  with  SOLRAD  1  in  June  1960.  The  data  from  SOLRAD  1  demonstrated  that, 
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if  the  solar  x-ray  flux  in  tfce^band  of  wavelengths  shorter  than  8A  is  less  than 
approx isately  2  x  10"3  ergs/caVsvc,  no  short  wave  fadeout  would  occur.  Data 
from  SOLRAD  7B,  which  was  launched  in  March  1965,  showed  gradual  rises  in  the 
energy  flux  levels  of  several  wavelength  bands  prior  to  the  sudden  large  increase 
which  characterizes  the  l’lare  itself.  This  was  one  of  the  first  indications  of 
the  possibility  of  using  gradual  x-ray  changes  as  a  precursor  to  solar  flare 
activity. 

The  first  live  successful  SOLRAD  Satellites,  SOLRADS  1.  3,  6,  7A,  and  7B, 
depended  entirely  on  real~ti»3  telemetry,  and  solar  x-ray  monitoring  could  be 
conducted  only  when  the  continuous  satellite  transmissions  could  be  received  and 
recorded  by  some  ground  station.  Since  there  are  insufficient  ground  stations  to 
provide  telemetry  reception  over  complete  satellite  orbits,  a  serious  loss  of 
solar  data  resulted.  To  decrease  this  data  loss,  SOLRAD  8  (1965-93 A)  was  equipped 
with  a  core  memory  to  record  samples  of  solar  x-ray  data  at  five  minute  intervals. 
Unfortunately  the  data  storage  system  failed  within  a  month  after  launch  and 
thereafter  only  real-time  data  acquisition  was  possible  as  in  the  cases  of  the 
previous  satellites.  SOLRAD  9  (1968- 17A),  which  was  launched  on  March  5,  1968  is 
equipped  with  a  core  memory  to  record  samples  of  solar  x-ray  data  at  one  minute 
intervals.  The  SOLRAD  9  memory  has  worked  faultlessly  for  over  fifteen  months 
and  continues  to  provide  a  wealth  of  excellent  data.  A  complete  description  of 
the  spacecraft  and  its  experiments  can  be  found  in  NHL  Report  #6800  titled  "The 
NHL  SOI.RAD  9  Satellite,  Solar  Explorer  B,  1968-17A." 


III.  SOLRAD  9  DATA  DISPLAY  FORMAT 

Figures  2  and  3  are  examples  of  the  manner  in  which  the  SOLRAD  9  data  are 
displayed.  Figure  2  shows  a  plot  of  the  real-time  solar  x-ray  aata  obtained  from 
SOLRAD  S  during  the  month  of  July  1968.  The  x-ray  emission  is  plotted  in  units 
ot  3rgs/cm*vsec  on  a  logarithmic  scale  with  the  scales  appropriate  to  each  Land 
indicated  along  the  margin.  Starting  at  the  top  of  the  plot,  the  four  horizontal 
lines  present  the  x-ray  energy  flux  in  the  44-60A,  8-20A,  1-8A,  and  0.5-3A  bands. 
The  conversion  from  the  output  current  of  the  x-rcy  detectors  to  energy  flux 
units  for  the  44-60A  band  as:  -imes  a  0.5  x  10°  K  color  temperature;  the  8-20*  and 
1-8A  conversions  assume  a  2  x  10°  K  color  temperature;  and  the  0.5-3A  conversion 
assumes  a  10  x  10e  K  color  temperature  for  the  emitting  solar  region.  The 
abscissa  is  linear  with  the  integers  denoting  days  of  the  month.  The  times  at 
which  data,  are  plotted  correspond  to  the  times  of  satellite  passes  over  the  NHL 
ground  station. 

Figure  *1  shows  the  solar  x-ray  data  for  July  5,  1968  which  were  stored  < a 
the  satellite's  memory.  The  regularly  spaced  data  gaps  of  about  thirty  minitas 
duration  indicate  periods  of  sat o' lite  night.  The  top  data  curve  represents  the 
solar  emission  in  the  8-20A  band  anti  the  next  lower  curve  represents  the  solar 
emission  in  the  1-8A  band.  The  third  curve  from  the  top  represents  emission  in 
the  0.5-3A  band  but  this  curve  is  quite  intermittent  because  the  0. 5-3A  solar 
emission  is  generally  belo»  the  threshold  level  of  the  detector.  The  x-ray 
emission  is  plotted  in  units  of  ergs/cmVsec  on  a  logarithmic  scale  with  the 
scales  appropriate  to  each  band  indicated  along  the  margin.  The  abscissa  ie  linear 
with  the  integers  denoting  hours  uf  Universal  Time  (UT).  Charged  particle  inter¬ 
ference  with  the  x-ray  detectors.-  which  can  cause  the  plotted  flux  levels  to  be 
higher  or  lower  than  the  actual  flux,  is  indicated  by  the  lowest  data  line  which 
is  labeled  "Background  Counts".  The  number  of  "counts"  is  obtained  by  digitizing 
the  current  generated  in  the  0.5-3A  detector  by  penetrating  charged  particles 
when  the  detector  is  facing  away  from  the  sun.  Counts  of  10  to  15  indicate  no 
particle  interference  with  the  detectors.  Counts  of  30  to  the  maximum  value  of 
127  indicate  increasing  amounts  of  particle  interference.  However,  the  data 
processing  computer  program  rejects  data  obviously  contaminated  by  particle  inter¬ 
ference  and  this  feature  causes  randomly  spaced  data  gaps  of  less  than  30  minutes 
duration. 


IV.  SOLAR  X-RAY  EMISSION 

X-rays,  especially  in  tb-  shorter  wavelengths,  are  not  uniformly  emit  tea  t’roa 
the  solar  disc.  Data  from  five  rocket  flights  during  a  total  solar  ecla-p^e  on.. 
October  12,  1958  and  an  x-ray  photograph  obtained  with  a  pinhole  camera  on  April  19, 
1960  clearly  showed  that  most  of  the  solar  x-ray  eidssion  corns  from  discrete 
active  regions.7  The  locations  of  these  active  regions  generally  coincide  with 
areas  of  enhanced  E  alpha  and  Calcium  K  line  emission,  sunspots,  and  high  magnetic 
fields.  ¥ore  recent  x-ray  data  taken  during  the  eclipse  of  May  20,  1936  show  that 
the  shorter  the  wavelength  of  Cne  x-ray  band  observed,  the  more  localized  are  the 
sources  of  tho  x-ray  emission  within  the  active  regions.  It  has  also  become 
clear  that  solar  flares  generally  occur  within  these  active  regions. 


The  change  in  solar  x-ray  emission  accompanying  the  birth  of  such  an  active 
region  or  the  rotation  of  an  existing  active  region  onto  the  visible  portion  of 
the  solar  disc  is  shown  in  Figures  2  and  3.  In  Figure  2,  the  apparent  disconti¬ 
nuity  in  the  x-ray  data  lines  between  the  0430  and  2035  UT  satellite  passes  over 
the  NRL  ground  station  on  July  5  was  caused  by  the  east  limb  transit  of  an 
active  region  while  the  satellite  was  out  of  range  of  our  ground  station.  On 
July  6  a  Class  2B  flare  and  on  July  8  a  Class  3B  flare  originated  in  this  region 
and  these  events  were  among  the  largest  x-ray  flares  recorded.  The  data  obtained 
during  the  transit  of  this  active  region  were  stored  in  the  satellite's  memory 
and  are  presented  in  Figure  3.  The  data  of  Figure  3  show  that  the  flux  levels 
were  essentially  constant  until  about  0300  when  the  rise  in  energy  flux  indicated 
the  beginning  of  the  active  region's  rotation  onto  the  visible  portion  of  the  sun. 
Between  0200  and  0300,  the  average  value  of  the  1-8A  and  8-20A  flux  was  3.8  x  10~* 
and  7  x  10-3  ergs/cm3/sec  respectively.  The  active  region  continues  its  transit 
without  flare  activity  until  approximately  1800  UT  when  a  series  of  subflares 
occurs.  Between  1700  and  1800  the  average  values  of  the  1-8A  and  8-20A  flux  have 
risen  to  9.9  x  10“*  and  1.2  x  10“ 3  ergs/cmz/sec  respectively.  Therefore,  the  east 
limb  transit  of  this  active  region,  without  flare  activity,  doubled  the  8-20A 
flux  and  tripled  the  1-8A  flux.  These  increases  in  x-ray  energy  flux  levels  are 
the  basis  of  our  predictions  of  solar  flare  activity. 


V.  CRITERIA  FOR  SOLAR-FLARE-ACTIVITY  m.HDICTIONS 

The  problem  of  using  only  data  obtained  in  real-time  during  a  satellite  pass 
over  a  ground  station  to  establish  basic  criteria  for  solar-flare-activity  pre¬ 
dictions  and  then  comparing  the  daily  data  with  these  predictions  is  similar  to 
the  problem  of  guessing  the  information  contained  in  a  paragraph  when  only  a  few 
nonsequential  words  are  known.  The  pattern  of  data  available  was  such  that  10 
minutes  of  continuous  data  would  be  followed  by  90  minutes  of  no  data.  This 
pattern  would  be  repeated  from  three  to  eight  times  each  day;  then  there  would  be 
a  data  gap  of  12  to  20  hours  until  the  daily  cycle  started  repeating  again. 
Frequently,  there  is  no  way  to  tell  with  certainty  whether  a  10  minute  data  sample 
represented  the  x-ray  output  of  the  active  nonflaring  sun  or  the  x-ray  output 
during  the  slow  decay  of  a  solar  flare.  In  both  cases  the  data  show  relatively 
constant  flux  values  of  moderate  magnitude  for  the  10-minute  pass.  If  the  flux 
values  change  greatly  over  10  minutes  or  if  they  are  relatively  constant  but  very 
large  in  magnitude  for  several  minutes,  it  is  safe  to  consider  them  as  the  output 
from  a  solar  flare.  If  they  are  constant  and  of  very  small  magnitude,  it  is  safe 
to  consider  them  as  the  background  output  from  the  nonflaring  sun. 

The  interpretation  of  a  sample  of  data  as  originating  from  a  flaring  or  non¬ 
flaring  sun  is  extremely  important,  because  the  prediction  criteria  are  tied  to 
slow  variations  in  the  background  x-ray  flux  values.  Study  of  solar  x-ray  data 
acquired  over  several  months  showed  that  there  generally  is  a  slew  rise  in  the 
background  x-ray  flux  values  prior  to  the  onset  of  a  period  in  which  numerous 
solar  flares  will  occur.  Therefore,  interpreting  high  background  data  as  of 
flare  origin  would  fail  to  generate  an  appropriate  alert,  and  interpreting 
isolated  flare  data  as  of  background  origin  would  generate  an  unnecessary  alert. 

The  first  set  of  criteria,  which  was  used  from  August  1966  to  early  1967, 
is  as  follows: 

1.  Generally  rising  but  variable  flux  levels  in  the  8-20A  and  1-8A  bands. 

2.  1-8A  flux  levels  exceeding  1  x  10"^  ergs/cmz/sec. 
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3.  Observation  of  0.5-3A  flux  above  the  2.0  x  10“  ergs/cm  /sec  lower  limit 
of  the  detector. 

When  all  of  these  criteria  were  met,  it  was  possible  to  state  with  some  certainty 
that  a  period  of  solar  activity  was  to  be  expected  during  which  solar  flares 
capable  of  producing  significant  ionospheric  disturbances  might  occur.  The  fact 
that  these  criteria  were  not  met  did  not  preclude  the  occurrence  of  a  few  isolated 
flares,  but,  in  general,  they  were  good  indicators  of  expected  solar-flare- 
activity.  Evidently  the  gradual  rise  in  the  background  x-ra.7  flux  levels  to  fulfill 
the  criteria  is  due  to  an  increase  in  x-ray  emission  from  an  active  region  as  it 
becomes  capable  of  spawning  flares.  Although  the  mere  presence  of  an  active 
region  on  the  visible  portion  of  the  sun  does  cause  enhanced  background  x-ray 
emission,  enhancement  sufficient  to  fulfill  the  criteria  seems  to  signify  something 
more.  Indeed,  if  it  did  not  signify  more,  the  criteria  would  not  be  of  much  value 
since  the  presence  of  active  regions  can  be  more  easily  verified  by  optical 
observations.  But  since  many  active  regions  cross  the  visible  disc  without  pro¬ 
ducing  major  flares,  the  mere  presence  of  an  active  region  does  not  mean  that 
flares  are  imminent.  The  fulfillment  of  the  x-ray  criteria  seems  to  be  a  way  to 
differentiate  between  an  active  region  in  a  relatively  dormant,  aonflaring  state 
and  an  active  region  in  a  mere  violet,  potentially  flaring  state. 
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The  first  revision  of  the  criteria  was  not  a  real  change  but  merely  a  further 
quantization  of  the  original  criteria.  These  criteria  were  first  used  in  early 
1967  and  arc  as  follows: 

1.  An  increase  in  the  background  level  of  the  1-3A  flux  by  a  factor  of 
10  to  20. 

2.  An  increase  in  the  background  level  of  the  8-20A  flux  by  a  factor  of 
5  to  10. 

3.  Consistent  observation  of  the  C.5-3A  flux  above  the  2.0  x  10”®  ergs/cm2/sec 
level. 

As  the  more  active  phases  of  the  solar  cycle  were  entered,  the  minimum 
background  levels  encountered  began  creeping  upward.  This  is  due  to  the  sun  being 
rarely  devoid  of  active  regions  in  the  phases  of  the  solar  cycle  approaching  solar 
Maximum.  Since  the  difference  between  low  and  high  background  flux  levels  was 
smaller,  the  large  increases  in  background  level  required  to  meet  the  criteria 
were  no  longer  encountered,  and  a  new  set  of  criteria  was  needed.  The  criteria 
established  in  early  1968  are  as  follows: 

1.  The  background  levels  of  the  44-60A  flux  rises  to  2.3  x  10” 1  ergs/cm2/sec 
or  greater. 

2.  The  background  level  of  the  8-20A  flux  rises  to  1.3  x  10”2  ergs/cm2/sec 
or  greater. 

3.  The  average  background  level  of  the  1-8A  flux  rises  to 

1.0  x  10“3  ergs/cm2/sec,  and  the  flux  levels  fluctuate  greatly  from  pass 
to  pass. 

4.  Flux  levels  for  the  0.5-3A  band  iluctuate  greatly  from  pass  to  pass  and 
are  generally  greater  than  1.0  x  10~5  ergs/cm2/sec. 

Generally  criteria  1  and  2  were  met  a  day  or  two  ahead  of  criteria  3  and  4. 

However,  since  the  difference  between  noraial  background  levels  and  the  criteria 
levels  was  small  in  these  bands,  it  often  happened  that  criteria  1  and  2  were  met 
not  because  of  a  change  in  a  single  active  region  but  because  there  were  a  number 
of  discrete,  relatively  dormant,  active  regions  whose  x-ray  emissions  in  the3e 
two  bands  were  additively  fulfilling  the  criteria.  Therefore,  more  weight  was 
given  to  criteria  3  and  4.  With  the  exception  of  criteria  1,  these  criteria  are 
still  in  use.  Criteria  1  is  not  used  because  of  the  failur"  of  the  44-60A 
experiment  on  SOLRAD  9  in  February  1969.  Also,  there  are  now  times  when  there 
are  so  many  active  regions  on  the  visible  disc  that  even  criteria  3  can  be  met  by 
adding  their  x-ray  emission  contributions.  Therefore,  greatest  weight  is  now 
given  to  criteria  4.  The  increased  significance  which  must  be  given  to  the 
highe.'  energy  bands  seems  to  indicate  that  a  hardening  of  the  emission  spectrum 
may  be  an  essential  characteristic  as  an  active  region  changes  from  a  relatively 
dormant  to  a  more  violent  state.  This  may  be  an  important  clue  in  further 
improving  the  prediction  criteria. 


VI.  ACCURACY  OF  SOLAR- FLARE-ACTIVITY  CRITERIA 

We  wish  to  examine  the  usefulness  of  the  solar-flare-activity  prediction 
criteria  as  employed  during  1967  and  1968.  The  only  predictions  of  solar-flare- 
activity  that  URL  actually  makes  are  quite  informal  and  primarily  for  internal 
use.  Only  one  person  is  generally  available  to  make  the  predictions,  and  since 
he  is  available  only  40  hours  a  week,  the  nature  of  the  operation  is  limited. 
Because  of  the  limited  nature  of  the  operation  and  the  discontinuous  nature  of 
the  x-ray  data  arailable,  there  are  many  instances  where  alerts,  i.e.  positive 
predictions  of  solar-flare-activity  should  have  been  called  but  were  not. 
Therefore,  actual  alerts  called  are  not  the  best  means  of  testing  the  accuracy 
of  the  criteria.  As  an  alternative,  it  seems  reasonable  to  compare  the  number 
of  a  selected  type  of  event  which  occurred  on  days  on  which  the  flare-activity- 
criteria  were  met  with  the  number  which  occurred  on  days  when  the  criteria  were 
net  met.  This  approach  assumes  that  if  a  round-the-clock  operation  had  bean  in 
effect  with  continuous  real— timt  data  immediately  available,  an  alert  would  have 
been  called  as  soon  as  the  background  flux  levels  fulfilled  the  criteria.  This 
is  reasonable,  because  with  the  continuous  data  the  background  levels  would  be 
readily  identifiable,  and  there  would  be  no  need  for  a  day  or  tw<-  delay  to  be 
certain  that  observed  high  flux  levels  were  really  background  and  not  isolated 
flare  activity.  This  alternative  approach  would  examine  the  validity  of  the 
premises  on  which  the  prediction  operation  is  based  without  being  tied  to  the 
actual  predictions  which  wore  made  and  without  becoming  hopelessly  involved  in 
the  handicaps  under  which  the  rudimentary  system  was  operating. 

The  next  step  is  to  determine  what  type  of  event  is  to  be  selected  as  a 
measure  of  the  accuracy  of  the  criteria.  There  are  three  choices:  ionospheric 
disturbances,  x-ray  events,  and  solar  flares  of  Class  2  or  greater.  Although  it 
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would  be  of  great  operational  significance  if  the  fulfillment  of  the  solar  x-rty 
flux  criteria  were  found  to  be  an  accurate  predictor  of  SWF  and  PCA  activity, 
our  lack  of  complete  and  reliably  interpretable  ionospheric  disturbance  data  for 
the  period  of  test  makes  the  choice  of  ionospheric  disturbances  a  poor  ono. 

Although  solar  x-ray  events  are  really  what  NRL  is  trying  to  predict  and  although 
they  have  a  direct  connection  to  SWF's,  tbe  choice  of  x-ray  events  is  also  a  poor 
one  because  of  the  incompleteness  of  available  data.  The  main  source  of  data  on 
x-ray  events  is  the  very  same  data  which  were  used  as  the  bases  of  NRL's  flare 
activity  predictions.  These  data  are  extremely  discontinuous  so  that  contusion 
between  isolated  x-ray  flare  events  and  high  background  levels  ccrld  easily  bias 
the  study.  When  processing  of  the  stored  data  from  30LRAD  9  is  completed,  the 
choice  of  x-ray  events  as  a  measure  of  the  accuracy  of  the  criteria  will  be  a 
good  one. 

This  leaves  us  with  the  choice  of  Class  2  or  greater  solar  flares.  Good  data 
on  solar  flares  are  obtainable  for  the  1967-1968  period.  Although  there  is  no 
necessary  connection  between  solar  flare  class  and  the  x-ray  emission  from  tbe 
flare,  it  is  usually  true  that  higher  flare  classifications  yield  higher  x-ray 
fluxes.  Therefore,  there  is  a  connection  between  flare  class  and  ionospheric 
disturbances,  although  it  is  more  remote  than  in  th*.  case  of  x-ray  events. 

In  summary,  the  accuracy  of  the  criteria  will  measured  by  comparing  the 
number  of  flares  of  Class  2  or  greater  which  occurred  on  days  when  the  solar- 
flare-activity  criteria  were  met  with  the  number  or  such  flares  which  occurred  on 
days  when  the  solar-flare-activity  criteria  were  not  met. 

The  Environmental  Science  Services  Administration's  series  of  bulletins 
IER-FB,  titled  "Solar-Geophysical  Data"  was  used  as  a  source  of  informatiou  on 
the  date  of  occurrence  and  classification  of  solar  flares.  The  date  of  occurrence 
of  all  Class  2  or  greater  solar  flares  occurring  between  January  1,  1967  and 
November  30,  1968,  was  listed.  The  data  for  January  through  December  1967  were 
obtained  from  the  Revised  Solar  Flare  lists  appearing  in  the  volumes  IER-FB- 275 
through  286.  In  examining  these  data  it  was  noted  that  certain  stations  frequently 
observed  Class  2,  3,  and  even  Class  4  flares  at  times  and  places  where  no  other 
station  observed  even  a  subflare.  In  such  cases  the  flare  was  counted  but  was 
labeled  "Questionable."  A  flare  was  counted  without  question  if  some  event  was 
detected  by  two  or  more  stations  and  the  general  consensus  of  the  several  observing 
stations  was  that  a  Class  2  or  greater  flare.  This  consensus  was  determined  by 
the  group  classification  given  in  the  tables.  The  data  for  January  through 
November  1968  were  taken  from  the  Confirmed  Solar  Flare  lists  in  the  volumes 
IER-FB- 287  through  297.  The  confirmed  list  differs  from  the  revised  list  in  that 
questionable  flares  have  been  removed  from  the  confirmed  list.  Therefore,  all 
flares  of  Class  2  or  greater  listed  in  the  confirmed  lists  were  counted  without 
question.  Table  1  gives  a  summary  of  the  dates  of  occurrence  of  Class  2  or 
greater  solar  flares  as  obtained  from  the  ESSA  publication.  The  portion  labeled 
"All  Listed  Flares"  includes  questionable  flares  and  those  accepted  without 
question.  The  numbers  appearing  in  parentheses  after  a  date  denote  the  number  of 
flares  when  more  than  one  occurred  on  the  same  day. 

Table  2  identifies  the  dates  on  which  our  solar  x-ray  data  indicate  that  the 
criteria  clearly  are  and  are  not  met,  the  dates  un  which  it  is  questionable 
whether  the  criteria  are  met,  and  the  dates  for  which  there  are  no  data.  The 
criteria  presently  being  use,  i.e.  those  established  In  early  1968,  were  used  in 
compiling  Table  2.  Questions  as  to  whether  tbe  criteria  are  met  arise  not  only 
in  cases  where  the  flux  levels  are  extremely  close  to  the  levels  noted  in  the 
criteria  but  also  in  cases  where  problems  with  the  SOLRAD  8  spacecraft  caused  the 
flux  values  to  be  somewhat  eliable.  Dates  for  which  there  are  no  data  include 
some  dates  on  which  there  t  are  data,  but  the  data  were  too  sparse  to  render  a 
decision. 

Table  3  iollows  directly  from  the  data  shewn  in  Tables  1  and  2.  It  shows 
the  number  of  Class  2  or  greater  flares  occurring  on  days  when  the  solar- flare- 
activity  criteria  clearly  are,  possinly  are,  and  clearly  are  not  met,  and  the 
number  of  flares  occurring  on  days  vhen  there  are  no  x-ray  flux  data  available. 

The  data  presented  in  Table  3  indicate  that,  whether  you  consider  all  listed 
flares  or  just those  this  study  has  accepted  without  question,  a  Class  2  or  greater 
flare  is  approximately  four  times  more  likely  to  occur  on  a  day  when  the  soiar- 
ilare-activiry  criteria  are  met  than  on  a  day  when  the  criteria  are  not  met.  At 
the  present  state  of  development  of  this  prediction  system,  this  result  is 
considered  to  be  quite  promising. 


VII.  POTENTIAL  FOR  IMPROVEMENT 

The  information  contained  in  Table  3  indicates  that  the  solar-flare-activity 
prediction  system,  as  it  is  present lv  used,  identifies  periods  of  increased  solar- 
flare  activity  with  sufficient  accuracy  to  warrant  continued  study  of  solar  x-ray 
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Table  1 


Datos  of  Occurrence  of  Class  2  or  Greater  Solar  Glares 


Month 

fray 

ALL  LISTED  FLARES 

Total 

January  1967 

10,  11,  14,  29,  31 

S 

February 

3,  4,  6,  7(2),  13,  18,  22(6),  23(2),  24(2), 

27(2) 

19 

March 

6,  20,  22,  26,  30,  31(2) 

7 

April 

1(4),  3,  9(2),  11(2),  20,  28,  30 

12 

May 

2.  3(4),  4,  5,  6(2),  8(2),  10,  13,  19(2),  21, 

23 (£) ,  25,  26,  27,  28(3) 

27 

June 

4,  5 

2 

July 

2,  11(2),  22,  24,  25(2),  26,  28(2),  29(4), 

30,  31(2) 

17 

August 

1,  4,  6,  9,  12(2),  19(3),  20.  21,  23,  24, 

25,  29(2) 

16 

September 

1,  17(2),  10,  19,  20,  28 

7 

October 

8,  13,  19,  20(2),  30(2),  31(2) 

November 

11(3),  13,  16(3),  20(2) 

9 

December 

1,  2(2),  11,  13(2),  15(2),  16(2),  27(2) 

12 

January  1968 

4,  5,  9,  14,  15,  20,  31 

7 

February 

1,  2(2),  10,  15(2) 

6 

March 

25,  27 

2 

April 

— 

0 

May 

— 

u 

June 

9(2) ,  13,  26 

1 

July 

6,  S,  9,  12,  20 

5 

5 

August 

3,  8(2),  21,  23 

September 

26,  28(2),  29(2) 

5 

October 

3,  4,  21(2),  23,  27,  29,  30(2),  31 

10 

November 

lt  2(2) 

QUESTIONABLE  FLARES 

_ 3 

189 

January  1967 

10,  11,  31 

3 

February 

7,  22(2) 

3 

March 

— 

0 

April 

3,  9,  30 

3(2),  5,  6,  19(2),  23 

3 

May 

7 

Juno 

— 

0 

July 

2,  11(2).  22,  25(2).  28(2),  29,  30,  31 

11 

August 

12,  20,  25 

3 

September 

20 

1 

October 

13,  19,  20(2),  30(2),  31(2) 

8 

November 

11(3),  13,  20 

5 

December 

1,  2(2),  13,  15(2),  16 

7 

h- 
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Table  2 

Dates  on  Which  3olar-Flare-Actiyity  Criteria  Are,  and  Are  Not,  Met 


Month 


’Sates  on  Which 
Criteria  Are 
Clearly  Met _ 


Dates  on  Which 
Criteria  Are 
Possibly  Met 


Dates  on  Which 
Criteria  Are 
Clearly  Not  Met 


Dates  on  Which 
No  Data  Were 
Obtained  _ _ 


t 

January  1967 

30-31 

— 

15-29 

1-14 

p 

|  February 

23-28 

22 

— 

1-21 

E 

March 

1,  30-31 

2,  29 

• — 

3-28 

jalBf 

April 

1-3 

— 

4-19 

20-30 

ri  i 

May 

19-29 

— 

15-18,  30-31 

1-14 

t 

t 

fe  '  ! 

June 

1-4 

— 

18-30 

0-17 

July 

29-31 

— 

1-5 

6-28 

}' 

August 

1-2,  5,  14, 

17-21 

3-5,  S 

7-13,  15-16 

22-24 

25-31 

' 

September 

25-26 

15-24,  27-30 

1-14 

§ 

October 

27-30 

26,  31 

20-25 

1-19 

1  1 

1  ! 

Novomber 

10,  26,  29-30 

4-5,  11-12,  20, 
27-28 

1-3,  6-9,  13-19, 
21-25 

— — 

1 

December 

1-2,  15-30 

3,  14,  31 

4-13 

— 

January  1968 

1-17.  28-31 

26-27 

18-25 

— — 

[  1 

February 

1-4,  8-11,  19-22 
25-26 

5-  7,  23-24, 
27-29 

12-18 

— 

March 

1-2,  28 

27 

3-26,  29-31 

— 

April 

28 

— 

1-27,  29-30 

— 

E 

t  \ 

May 

18-19,  25,  30 

15-17,  20,  22, 

24 

1-14,  21,  23, 
26-29,  31 

F,  I 

\  ! 

June 

25 

8-9,  20 

1-7,  10-19, 
21-24,  26-30 

i 

L' 

July 

5-10,  29 

— 

1-4,  11-28, 

30-31 

“ 

l 

August 

11-17,  20-22 

— 

1-10,  18-19, 
23-31 

— *~ 

A 

5 

September 

3-4,  8-9,  25-26. 
28-29 

21 

1-2,  5-7,  10-20, 
22-24,  27,  30 

— 

1 

i  October 

15-23,  26-31 

— 

1-14,  24-25 

~ 

i 

i 

t- 

t 

j  November 

I 

j 

1-4,  18-19 

17,  25 

5-16,  20-24, 

26-30 

“ 

X 

Total  Days 

159 

41 

338 

162 

Table  3 

Comparison  of  Flare  Occurrence  for  Days  on  Which  Criteria  Are,  and  Are  Not, 


Met 


Flares 

Number 

Flares 

• 

Occurring  of  Days 

Per  Dey  j 

ALL  LISTED  FLARES  j 

Days 

on  Which 

Criteria  Are 

Met 

83 

159 

0.52  ] 

Days 

on  Which 

Criteria  Are 

Possibly  Met 

20 

41 

0.49  j 

Days 

on  Which 

Criteria  Are 

Not  Met 

40 

338 

0.12  ] 

Days 

on  Which 

No  Data  Were 

Obtained 

46 

162 

* 

UNQUESTIONED  FLARES  ONLY 

Days 

on  Which 

Criteria  Are 

Met 

66 

159 

0.42  | 

Days 

on  Which 

Criteria  Are 

Possibly  Met 

11 

41 

0.27  I 

Days 

on  Which 

Criteria  Are 

Not  Met 

33 

338 

0.10  1 

Days 

on  Which 

no  Data  Were 

Obtained 

28 

162 

— 
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flux  levels  as  indicators  of  flare  activity.  Fortunately,  one  of  the  most  signi¬ 
ficant  factors  to  be  considered  now  in  evaluating  this  system,  is  its  tremendous 
potential  for  improvement.  Suitably  complete  and  continuo_3  records  of  solar 
x-ray  emission  are  available  only  since  the  launch  of  NASA’s  Orbiting  Geophysical 
Observatory  4  (0G0  4)  in  July  1967,  which  carried  NRL's  Solar  X-Ray  Monitoring 
Experiment  and  produced  useful  data  until  January  1969.  Continuous  z-ray  data 
were  also  obtained  between  October  1967  and  May  1968  from  the  NRL  Wheel  X-Ray 
Experiment  on  NASA’s  Orbiting  Solar  Observatory  4  (0S0  4),  and  between  March  1968 
and  the  present  from  NRL's  SOLRAD  9  Satellite.  Processing  and  preparation  of 
these  data  is  now  in  the  final  stages  and  detailed  analysis  is  expected  to  begin 
shortly.  The  analysis  of  these  data  will  have  several  goals.  First,  it  is  clear 
that  the  direct  application  of  the  presently  used  criteria  to  the  continuous  data 
obtained  from  a  satellite  memory  does  not  use  these  data  in  the  most  advantageous 
manner.  Therefore,  the  data  wj.11  be  studied  to  identify  solar-f lare-activity 
criteria  appropriate  for  use  with  continuous  data.  Second,  the  data  will  be 
studied  to  identify  precursors  to  individual,  specific  flares  rather  than  general 
periods  of  increased  flare  activity.  Third,  the  data  will  be  studied  to  more 
quantitatively  establish  the  relationship  between  solar  x-ray  flux  levels  and 
various  x-ray  induced  ionospheric  events.  Fourth,  the  possibility  of  identifying 
a  relationship  between  solar  x-ray  flare  signatures  and  increased  near-earth 
proton  fluxes  and  their  ionospheric  effects  will  be  kept  in  mind  while  studying 
the  data.  This  goal  will  be  given  less  emphasis  than  those  previously  mentioned 
because  it  is  less  likely  to  be  successfully  achieved  using  experiments  which  are 
not  capable  of  some  degree  of  spatial  resolution  on  the  solar  disc.  The  continuous 
x-ray  data  will  also  be  available  to  other  investigators  who  are  interested  in 
using  them  for  similar  or  other  studies. 

The  possibility  that  experiments  with  better  spectral  or  spatial  resolution 
would  provide  more  useful  information  should  also  be  investigated.  NRL’s  X-Ray 
Spectrometer  Experiment  aboard  the  0S0-4  Satellite  has  provided  a  considerable 
number  of  spectrometer  scans  within  the  1-8A  band  during  both  quiet  and  flaring 
pariods.  NRL  x-ray  spectrometer  experiments  on  the  OSO-G  Satellite,  which  is 
scheduled  for  launching  in  July  1969,  will  be  able  to  scan  the  solar  emission 
over  the  1-25A  band.  Data  from  these  experiments  will  be  studied  to  identify 
discrete  spectral  lines  having  characteristic  changes  which  can  be  used  as 
precursors  to  solar  flares.  Experiments  which  provide  spatial  resolution  by 
forming  an  image  of  the  sun  in  some  x-ray  line  or  band  would  enable  an  investigator 
to  study  the  birth,  growth,  changes,  and  death  of  individual  active  regions  on  the 
sun.  Such  data  would  be  studied  to  identify  characteristic  changes  in  the  x-ray 
emission  /from  a  specific  region  as  it  transforms  from  a  relatively  dormant  to  a 
morejriolent  state  and  finally  spawns  solar  flares. 

If,  at  each  stage  of  improvement  described,  a  suitable  precursor  to  solar 
flares  or  ionospheric  disturbances  is  successfully  identified,  it  would  ultimately 
be  possible  to  use  a  set  of  satellite-borne  detectors  having  high  spatial,  spectral, 
and  temporal  resolution,  which  would  be  aimed  at  active  solar  regions  of  interest 
and  whose  data  would  be  continuously  transmitted  to  a  central  forecasting  laboratory, 
as  the  basic  sensors  of  a  flare  or  ionospheric  disturbance  forecasting  system.  It 
is  readily  admitted  that  several  investigations  will  have  to  be  successfully 
concluded  before  such  an  ultimate  system  is  possible.  However,  it  is  important 
to  emphasize  that  the  accuracy  of  the  system,  as  it  is  now  used,  clearly  indicates 
that  present  investigations  to  improve  the  system  should  be  continued  and  paths 
along  which  these  investigations  should  be  directed  are  clearly  recognizable. 
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Prediction  of  solar  proton  events  is  essential  for  the  space  program.  Traditional  Methods  have  not 
solved  the  problem.  Therefore  an  unconventional  approach  was  taken.  A  high  correlation  was  found 
between  planetary  conjunctions  and  proton  events  during  1956-1961.  Although  a  correlation  can  be 
deronstrated  with  individual  conjunctions,  . . jton  events  usually  occur  after  sequences  of  conjunc¬ 
tions  of  the  planets  Mercury,  Venjs,  Barth  sad  Jupiter.  A  trial  prediction  method  has  been  attempted 
since  1965  indicating  the  dates  of  the  16-day  passage  of  proton  active  centers.  During  the  last  3 
years  the  Sensitivity  was  6351  and  the  Reliability  waa  70X,  despite  the  fact  that  proton  events  pere 
predicted  during  only  221  of  the  total  time,  using  only  5  parameters.  Although  the  theoretical 
interpretation  la  not  clear  at  this  time,  it  does  not  detract  from  the  predictive  value  of  such  a 
method.  Proton  events  have  been  shown  to  he  related  to  the  positions  of  four  planets  which  possibly 
affect  the  tidal  force  on  the  sun  or  other  solar  system  dynamic  variables. 
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Prediction  of  soler  flare  proton  events  is  of  utmost  importance  for  the  apace  program.  The  apace 
crew  'ould  receive  a  lethal  radiation  dose  from  a  single  event.  Communications  are  disrupted  by 
polar  cap  blackouts  and  by  ionospheric  disturbances  caused  by  the  accompanying  solar  X-  rays.  Al¬ 
though  many  statistical  studies  dealing  with  solar  events  have  been  made,  there  is  little  hope  for 
improvement  in  prediction  capability  when  these  studies  are  based  only  on  traditional  Interpretations. 
The  understanding  of  basic  solar  physics  must  be  Improved,  not  necessarily  our  statistical  methods. 
Therefore  an  unconventional  approach  was  taken  in  the  scudy  of  major  events  of  solar  cycle  19. 

A  very  high  correlation  was  found  between  planetary  conjunctions  and  proton  events  during  1956- 61. 

The  probability  of  such  correlation  occurring  by  chance  alone  Is  less  than  5  in  10,000  using  £ 
standard  contingeucy  test.  Proton  events  take  place  on  the  second  or  later  27-day  passage  of  an 
active  sunspot  group,  so  positions  of  the  tidal  planets  -  Mercury,  Venus,  Earth  and  Jupiter  -  ere 
observed  fo-  a  two-month  period.  Although  a  correlation  can  be  demonstrated  with  Individual  con¬ 
junctions,  proton  events  usually  occur  after  sequences  of  conjunctions  of  the  planets  Mercury, 

Venus,  Earth  and  Jupiter,  Occasionally  other  planets  are  involved  if  conjunctions  of  three  or 
more  planets  occur.  During  the  two  month  period  preceding  major  solar  events,  the  number  of  con¬ 
junctions  of  the  four  tidal  planets  is  2  or  3  times  the  average  for  a  two  month  period.  The  con¬ 
centration  of  conjunctions  is  definitely  non- random  before  the  solar  events.  Active  longitudes 
on  the  sun  must  also  be  considered.  The  northern  hemisphere  of  the  sun  has  three  active  longi¬ 
tudes,  appearing  at  different  times  during  the  11-year  cycle.  (Trotter  and  Billim-a,  1962) (Warwick, 
1965) . 

The  outstanding  members  of  any  phenomenon  are  always  worth  special  study  for  clues  that  may  throw 
light  on  the  general  behavior  of  the  whole  class.  Therefore  outstanding  proton  event  centers  on 
the  sun  have  been  studied  in  detail.  Four  active  sunspot  centers  produced  90Z  of  the  proton  flux 
during  the  years  of  peak  solar  activity  1956-1961.  Each  of  these  active  centers  caused  one  ox  more 
ground  level  event  (GLE) ,  high  energy  proton  events  detected  at  sea  level  by  neutron  monitors.  The 
four  centers  were  responsible  for  the  following  major  polar  cap  events  (PCE): 

23  February  1956;  10,  14,  16  July  1959;  12,  15,  20  November  1960;  and  11,  12,  18,  20  July  1961. 

In  each  case  the  major  PCE’s  followed  a  sequence  of  tidal  planet  conjunctions.  Each  active  center 
consisted  of  a  giant  magnetically  complex  sunspot  group  (area  >1000  millionths)  with  a  large  penumbra 
enclosing  umbrae  of  opposite  polarity,  located  at  an  active  longitude. 

We  shall  discuss  below  each  of  these  active  centers  in  turn,  utilizing  10  cm.  radio  flux  as  an  ac¬ 
tivity  indicator.  X-rays  are  a  more  sensitive  indicator  and  are  the  direct  cause  of  ionospheric 
disturbances,  but  have  been  monitored  only  recently.  Therefore  we  will  also  discuss  two  active 
centers  of  1966  in  cycle  20  in  terms  of  both  radio  and  X-ray  flux. 

ACTIVE  CENTER  OF  FEBRUARY  1956.  The  ground  level  event  (GLE)  of  23  February  1956  was  the  highest 
energy  proton  event  during  cycle  19.  A  giant  sunspot  stream  was  first  observed  on  tbe  sun  in 
January,  '"n  its  second  rotation  the  area  had  grown  to  2410  millionths  of  the  solar  hemisphere,  with 
a  large  bright  plage  (measured  iu  the  light  of  ionized  calcium).  The  active  sunspot  group  was  cen¬ 
tered  at  the  Carrington  Longitude  LQ  “  190°.  The  delta  configuration  (umbrae  of  opposite  polarity 
in  the  same  penumbra)  was  present  in  several  parts  of  the  stream.  Ninety-eight  flares  were  observed 
from  the  active  group  during  its  three  most  active  14-day  passages.  (The  sun's  rotation  period  as 
viewed  irotn  the  earth  is  about  27.3  days;  any  given  sunspot  group  would  be  visible  from  the  earth 
for  half  of  the  rotation  period,  usually  reckoned  as  14  days)  The  sunspot  group  had  a  complex  mag¬ 
netic  field  with  maximum  field  strengths  of  up  to  4000  gauss.  On  23  February  1956  the  proton  flare 
caused  a  short  wave  fadeout  (SWF)  lasting  seven  hours.  A  radio  burst  lasting  50  minutes  was  receded 
on  ’0  cm.  wavelength.  The  recorder  went  off  scale,  indicating  a  peak  flux  in  excess  of  4700x10" 
watts/m2  (c/s).  Bursts  were  also  recorded  at  200  Mc/sec,  85  Mc/sec  and  20  Me /sec.  The  polar  cap 
absorption  (PCA)  which  followed  was  the  first  ever  observed  on  the  dark  hemisphere  of  the  earth. 

The  longitudinal  zone  180°-210°  on  the  northern  hemisphere  of  the  sun  has  been  the  location  of  near¬ 
ly  all  significant  active  centers  early  in  the  11-year  cycles  18,  19  and  20.  Usually  only  one  longi¬ 
tude  is  active  above  20°  latitude,  and  most  proton  events  and  active  centers  early  in  the  cycle  form 
at  high  latitude.  Thus  the  same  Carrington  longitude  was  tbe  location  of  active  centers  which  pro¬ 
duced  GLE's  on  25  July  1946,  23  February  1956  and  7  July  1966. 

On  6  January  1966  a  Mercury- Venus  conjunction  took  place  in  alignment  with  the  active  longitude  on 
the  uun  (Fig.  1).  The  10  cm.  radio  flux  was  elevated  at  that  time  (Table  1)  although  no  important 
active  centers  were  on  the  visible  hemisphere.  The  active  center  which  later  produced  the  GLE 
appeared  for  its  first  passage  on  13  January  and  was  visible  until  26  January.  On  31  January  a 
Mercury- Jupiter  conjunction  occurred  opposite  (180°  away)  the  active  longitude,  and  the  10  cm.  flux 
was  elevated  for  5  days  (Tsble  1)  although  other  sunspot  groups  were  now  present.  Ten  cm.  radio 
emission  increased  20X  upon  the  appearance  of  the  giant  active  center  in  February.  However,  a  major 
increase  of  40X  in  10  cm  flux  took  place  at  tbe  time  of  the  triple  conjunction  of  Earth,  Jupiter  and 
Pluto  on  16  February  in  alignment  with  the  active  center.  While  the  increase  in  solar  activity  was 
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Prior  to  Proton  3 vent  of  23  February  1956. 
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labia  1.  Ten- an.  Dally  Radio  Flux  for  January 
February  1956.  Units,  10* 22  Hatta  a2  (c/s). 
Passages  of  the  Active  Center  are  shown,  and  the 
dates  of  significant  conjunctions. 
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Fig,  2.  Planetary  Configuration  One  Month 
Prior  to  Proton  Events  of  10,14,16  July  1959 
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Table  2.  Ten-ca.  Daily  Radio  Flux  for  June, 

July  1959.  Chita,  10*22  Watts/m2  (c/s).  Pass¬ 
ages  of  the  Active  Center  are  shown  and  the  dates 
of  the  significant  conjunctions. 
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clearly  noticeable  on  centimeter  wavelength?,  the  rise  was  tcuch  more  striking  on  the  more  collimated 
meter  waves.  On  16  February,  increases  took  place  In  mean  dally  flux  of  up  to  an  order  of  magnitude 
on  all  frequencies  from  81  Mc/a  to  200  lic/sec  (Quarterly  Bulletin,  IAU) .  Ac  Increase  of  up  to  1001 
took  place  on  meter  wavelengths  also  at  the  time  of  the  Mercury-Eerth  conjunction  on  27  January,  but 
the  change  In  10  cm.  flux  cannot  be  isolated  from  the  passage  of  the  active  center  at  west  limb. 

ACTIVE  CENTER  OF  JOLT  1959.  I<ate  In  May  1959,  a  region  developed  behind  the  active  center  that  pro¬ 
duced  a  PCA  flare  oa  10  May.  On  the  second  passage  In  June  the  complex  spot  group  of  area  1110 
millionths  produced  a  few  large  flares  but  then  activity  declined.  Just  before  the  third  passage 
there  were  loop  prominences,  surges  and  short  wave  fades  Indicating  reviving  activity  (crurek,1964) , 
On  the  July  passage  the  area  had  grown  to  2100  millionths  with  a  bright  plage  of  area  12,009  all- 
lion  ths  at  N16  and  Carrington  Longitude  L0  »  330°.  Major  proton  events  occurred  on  10,  14  and  16 
July,  with  the  14  July  event  producing  the  highest  particle  flux  during  a  three  year  period.  The 
14  and  16  July  flares  covered  all  but  one  of  the  prinicpal  umbrae.  Ombral  coverage  hr a  been  noted 
as  a  condition  for  proton  events  and  major  radio  bursts  (Dodson  and  Hedexan,  1964).  Tmbrae  of  both 
polarity  were  contained  In  the  same  penumbre,  and  had  magnetic  fields  of  up  to  3290  gauas.  Severe 
SHF's  accompanied  all  three  events.  The  16  July  event  was  also  associated  with  sudden  enhancement 
of  atmospheric  (SEA)  and  sudden  cosmic  noise  absorption  (SCNA)  (Elllsou  et  al.,  1961).  Ten  cm. 
radio  bursts  occurred  on  9  July  (peak  flux  490  times  mean  daily  flux),  14  July  (120  times  mean)  and 
16  July  (6500  times  mean)  (Solar  Geophysical  Data). 

The  1959  July  events  came  midway  in  the  19th  solar  cycle  and  was  of  lower  energy  than  the  February 
1955  event,  although  a  high  flux  of  particles  resulted,  op  18  May  1959  there  was  a  conjunction  of 
Earth  and  Jupiter  and  the  sunspot  group  formed  about  this  time.  The  Carrington  longitude  L  “  530° 
where  the  proton  events  later  originated  was  in  line  with  the  Earth- Jupiter  conjunction  (Figure  2). 
Activity  appeared  to  be  dying  out  on  the  June  passage  but  probably  revived  following  the  Veuus- 
Jupiter  conjunction  on  2  July.  The  revived  spot  group  appeared  at  east  limb  on  8  July  and  grew 
rapidly  to  an  area  of  2100  millionths,  one  of  the  largest  spot  groups  in  cycle  19.  A  proton  event 
took  place  on  10  July.  On  12  July  the  solar  longitude  L.  “  330“  was  in  alignment  with  the  conjunc¬ 
tion  of  Mercury  and  Jupiter,  and  two  CLE's  followed  on  14  and  16  July.  The  10  cm.  radio  flux  was 
elevated  on  the  days  of  the  Mercury  Earth  Jupiter  conjunction  on  2  June  and  at  the  time  of  the  Teuua- 
Jupiter  conjunction  on  2  July  (Table  2).  The  Mercury  Jupiter  conjunction  occurred  during  continuous 
major  activity  and  therefore  the  increase  in  radio  flu::  is  ambiguous.  Again,  the  increases  on  meter 
wavelengths  were  more  impressive,  but  the  gerorally  high  fluctuating  radio  emission  during  the  peak 
of  the  11- year  cycle  makes  interpretation  difficult. 

ACTIVE  CENTER  OF  NOVQiAER  I960.  The  active  region  was  observed  xirst  in  October  with  moderate  activ¬ 
ity,  loop  prominences,  and  yellow  coronal  line  emission.  When  the  region  reappeared  on  4  November 
the  spot  group  was  very  large  and  complex  with  a  very  bright  plage. 

The  Large  Sunspot  Group  -  at  N  26°  reached  a  maximum  area  of  2330  millionths  on  13  November,  al¬ 
though  the  maximum  plage  srea  of  9200  millionths  was  observed  on  10  November.  (HAO  Summary.)  The 
Carrington  longitude  of  the  F  type  group  was  1^  »  30°,  one  of  the  three  northern  active  longitudes. 
The  15  November  flare  was  observed  in  white  light.  The  two  principal  umbra  were  completely  covered 
by  both  the  12  and  15  November  flares  (Dodson  and  Hedeman,  1964).  On  12  November  the  peak  fields 
were  north  -  2800  gauss,  end  south  -  2700  gauss,  but  by  the  time  of  the  flare  of  15  November  the 
maximum  fields  had  declined  to  north  -  2500  gauss  and  south  -  1500  gauss,  and  were  unobservable  on 
20  November.  The  sunspot  type  was  complex  (y) ,  and  the  large  penumbra  enclosed  umbra  of  opposite 
polarity  (the  delta  configuration).  Short  wave  fadeouts  of  great  severity  accompanied  all  three 
proton  events.  Radio  Noise  -  on  10  cm.  was  outstanding  on  12  November  with  a  rare  great  burst  of 
5500  flux  unite,  possibly  related  to  the  umbra  1  coverage.  Type  IV  emission  accompanied  all  three 
events. 

The  active  region  appeared  in  early  October,  following  the  conjunction  of  Mercury  and  Venus  on  25 
September  (Figure  3).  The  Mercury  Jupiter  conjunction  on  7  October  was  in  alignment  with  the  rctive 
center  of  the  sun,  and  radio  emission  of  up  to  100  times  average  was  observed  over  frequencies  from 
67  Mc/s  to  2o4  Mc/s  for  four  days  following  the  conjunction.  The  emission  was  also  elevated  on 
2800  Mo/s  on  7  October  (Table  ?) .  Further  enhanced  radio  emission  was  noted  on  17  October,  the  date 
of  the  Venus-Jupiter  c-n junction  (Table  3)  and  within  two  days  on  all  frequencies  between  67  Mc/s 
and  234  Mc/s  (Quarterly  Bull.  LAD).  On  7  November  an  inferior  conjunction  and  transit  of  Mercury 
took  place,  and  a  email  radio  burst  occurred  over  the  active  center  on  that  day,  according  to  the 
radio  interferometer  observations  at  169  Mc/s  (Solar  Geophysical  Data).  The  correlation  between 
significant  conjunctions  and  elevated  3olar  radio  emission  is  particularly  striking  for  the  November 
I960  events  because  of  the  bursts  accompanying  the  7  and  17  October  conjunctions. 

ACTIVE  CENTER  OF  JULY  1961.  The  active  center  produced  proton  events  on  11,  12,  20  and  21  July  on 
the  second  rotation.  The  maximum  area  of  the  giant  sunspot  group  was  1570  millionths  on  12  July 
with  a  bright  plage  of  area  5100  millionths.  The  longitude  was  70°,  a  southern  active  longitude. 

The  sunspot  magnetic  field  was  the  complex  fv)  type  with  field  strengths  of  2100  and  1500  gauss, 
with  three  north  and  1  south  umbrae  ir  ,  large  single  penumbra  on  12  July  (the  delta  configuration). 
Short  wave  fadeouts  were  observed  M  many  frequencies,  persisting  for  2  hours  on  the  19th  and  7 
hours  on  the  20th,  an  sbnorw'T.iy  long  period  for  e  nhort  w~ e  fade  (SW17).  On  20  July,  other  un¬ 
usually  utrong  ionosph°- It  effects  were  noted,  including  S£a  and  SCNA  (Bruzek,  1963).  Strong  radio 
hursts  so  2800  Mc/s  Recurred  oa  12,  13  and  20  July.  The  peak  fluxes  were  6000,  2400  and  1800  flux 
units  (10* 22  watts/m”  (c/s).  The  meter  bursts  cn  200  Mc/s  were  22,000,  1000,  and  4000  flux  units 
?n  the  same  three  days  (Brutek,  1963).  Intense  X-ray  emission  was  detected  directly  by  the  Injun  I 
Satellite  (Van  Allen  et  al.  1965).  The  counting  rate  increased  to  3  times  normal  on  18  July  and 
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Table  3.  Ten- cm.  Dally  Radio  Flux  for  October 
November,  1960.  Units,  10"22  watts  m2  (c/s). 
Passages  of  the  Active  Center  are  shown,  and 
the  dates  of  significant  conjunctions. 


Pig.  3.  Planetary  Configuration  One  Mocth 
Prior  to  Proton  Events  of  12,  IS,  20  November 
1960. 
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Fig.  4.  Planetary  configuration  One  Month 
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Table  4.  Ten-cm.  Daily  Radio  Flux  for  June, 
July  1961.  Units,  10'22  watts/m2  (c/s). 
Passages  of  the  Active  Center  are  shown,  and 
the  dates  of  conjunctions. 
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50  times  normal  or.  20  July  in  the  wavelength  band  0-148  (hard  X-rays)  in  synchronisation  with  the 
two  flares  described. 

The  planetary  configuration  for  the  month  preceding  11  July  is  shown  in  Fig.  4,  and  significant 
conjunctions  are  listed  below.  The  time  of  Jupiter- Saturn  conjunction  is  felt  by  many  authors  to 
be  significant  for  solar  activity.  Ten  cm.  radio  emission  was  elevated  on  11  June,  the  day  of  the 
Venus- Jupiter  conjunction  (Table  4).  25  days  later  (one  solar  revolution)  the  Mercury-Earth  con¬ 

junction  took  place.  During  the  first  week  of  July  1961,  the  five  major  tidal  planets  -  Mercury, 
Venus,  Earth,  Jupiter  and  Satum  -  were  within  40°  longitude  of  each  other.  On  6  July  a  significant 
conjunction  took  place  between  Mercury  and  Jupiter  and  radio  emission  was  elevated  (Table  4) .  The 
sunspot  group  grew  rapidly  following  that  date. 

ACTIVE  CENTER  OF  MARCH  1966.  The  first  important  active  center  of  the  20th  cycle  appeared  in  late 
February  1966  at  N  18°  and  longitude  146°.  Previous  to  the  appearance  of  Plage  8207,  the  sunspot 
number  and  10  cm.  radio  flux  had  been  at  a  consistently  low  level.  The  Zurich  sunspot  nuaber  had 
been  below  50  except  for  a  few  days,  and  many  days  had  been  spotless.  Following  the  February 
passage,  the  yellow  coronal  line  (indicating  T  -  4x10°  degrees  K  in  the  corona)  waa  observed  at 
west  limb,  Indicating  presence  of  an  active  center  vhich  could  produce  protons.  The  longitude  was 
unusual  for  an  active  center  early  in  the  cycle,  but  the  latitude  was  low  enough  to  fit  the  isolines 
of  a  longitude  group  which  appeared  for  6  earlier  c/cles.  The  March  1966  active  center  produced 
146  optical  flares  and  155  radio  bursts  on  10  cm  (Solar  Geophysical  Data) ,  and  on  24  March  produced 
a  proton  event.  Although  activity  declined  after  the  March  passage,  another  center  approximately 
180  away  produced  frequent  10  cm.  radio  bursts  and  flares,  resulting  in  the  March- April  period 
being  one  of  the  most  active  radio  periods  during  the  entire  year.  During  the  March  passage  the 
sunspot  group  had  a  maximum  area  900  millionths  on  its  second  passage.  The  Carrington  longitude 
was  146°,  conforming  to  one  of  the  northern  active  longitudes.  The  plage  area  was  9500  millionths 
on  22  May.  The  magnetic  field  was  beta  gamma  and  the  spot  group  was  Zurich  class  G  on  24  March. 
X-ray  bursts  over  10  tLues  ambient  flux  in  the  0-88  band  were  recorded  on  15,  17,  20,  23,  26  and 
29  March  (see  Table  5).  Radio  type  IV  continutan  emission  was  recorded  daily  for  nine  days  from  the 
appearance  of  the  active  center  on  15  March,  and  a  10  cm.  burst  of  1550  flux  units  occurred  on  30 
March. 

On  3  January  there  was  a  conjunction  of  Venus  and  Jupiter,  and  on  26  January  of  Venus  and  Earth. 

No  opposition  of  Jupiter  and  the  earth  took  place,  although  the  two  planets  were  close  in  longitude 
in  early  January.  On  13  February  a  five  planet  conjunction  took  place  between  Uranus  and  Pluto  in 
opposition  to  Mercury,  Mars  and  Saturn.  The  active  center  developed  soon  after  and  was  a  radio  and 
X-ray  source  beginning  on  21  or  22  February.  Yellow  coronal  line  emission  from  the  region  was  noted 
on  the  same  date.  On  8  March,  another  5  planet  conjunction  took  place  between  Earth,  Uranus  and 
Pluto  in  opposition  to  Mars  and  Saturn.  On  19  March,  four  planets  were  in  alignment.  Mercury, 
Uranus,  Pluto  in  opposition  to  Saturn.  Finally  on  21  March  there  was  a  conjunction  between  Mercury 
and  the  Earth.  The  10  cm.  radio  flux  was  elevated  at  the  time  of  the  five  planet  conjunctions  on 
13  February  and  8  March,  and  again  on  19  March  and  21  March,  two  other  conjunction  dates.  The 
SOLRAD  Satellite  had  been  monitoring  solar  X-rays  in  4  wavelength  bands.  The  flux  level  in  the 
0-8A  band  is  shown  for  February  and  March  1966  in  Table  5.  The  Increase  in  X-ray  flux  is  much 
greateT  on  conjunction  dates  than  for  10  cm.  radio  flux. 

ACTIVE  CENTER  OF  JULY  1966.  So  much  has  been  written  about  this  active  center  (Svetska,  1968)  that 
only  a  few  highlights  will  be  repeated  here.  Although  the  spot  group  seemed  to  appear  from  nowhere 
on  28  or  29  June,  sequential  photos  stow  that  remnants  of  plage  No.  8331  probably  were  incorporated 
in  the  new  plage.  The  area  grew  rapidly  from  less  than  100  on  3  July  to  1300  millionths  on  7  July 
The  bright  plage  crossed  CMP  at  3.4  July  at  N  35°  and  Carrington  longitude  Lq  »  190°.  The  7  July 
flare  covered  all  but  one  of  the  principal  umbrae.  Umbral  coverage  has  been  noted  as  a  condition 
for  proton  events  and  radio  bursts  (Dodson  and  Hedeman,  1964).  Magnetic  fields  of  up  to  3300  gauss 
north  and  3000  south  were  recorded  in  the  j3y  spot  group.  Umbrae  of  both  polarity  were  contained  in 
the  same  ’ arge  pentxnbra  (the  delta  configuration).  A  rapid  increase  of  magnetic  flux  was  noted  on 
6  July  (Svetska,  1968).  Significant  X-ray  emission  was  detected  by  satellite.  Radio  bursts 
occurred  on  10  cm.  on  7  July  (peak  flux  2650  times  mean  daily  flux),  (Solar  Geophysical  Data), 
accompanied  by  Type  IV  synchrotron  radiation.  The  7  July  event  was  first  recorded  case  of  electron 
emission  from  the  sun. 

The  1966  July  event  occurred  early  in  the  20th  cycle,  at  the  one  northern  active  longit:<de  (L  »190°) 
of  importance  at  high  latitude.  As  in  February  1956  event,  the  Earth- Jupiter  conjunction  seemed  to 
be  the  triggering  factor.  (Fig.  6).  (Table  6).  Earlier  on  2  June  there  was  a  conjunction  of  Mer¬ 
cury  and  Jupiter,  on  15  June  a  quadruple  conjunction  of  Mercury- Uranus- Pluto  and  Venus  and  finally 
on  5  July  a  conjunction  of  Earth  and  Jupiter.  The  Carrington  active  longitude  190°  which  produced 
the  proton  event  was  approximately  in  line  with  the  11  June  quadruple  conjunction.  On  5  July  the 
date  of  the  Earth-Jupiter  conjunction,  the  active  solar  longitude  L0  »  190°  was  again  approximately 
in  line  with  the  conjunction.  Although  the  spot  group  was  born  on  the  disk  on  29  June,  it  grew  in 
size  rapidly  afterwards  to  a  maximum  area  of  1300  millionths,  one  of  the  larger  spot  groups  thus 
far  in  cycle  20. 

The  10.7  cm.  radio  flux  was  elevated  on  the  day  of  the  Mercury- Jupiter  conjunction,  and  increased 
very  significantly  at  the  time  of  the  Earth-Jupiter  conjunction  on  5  July  (Table  6).  Again,  the 
increases  on  meter  wavelengths  were  more  impressive,  but  the  generally  high  fluctuating  radio 
emission  during  the  peak  of  the  11- year  cycle  makes  interpretation  difficult. 
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Fig,  5.  Planetary  Configuration  One  Month 
Prior  to  Proton  Event  of  24  March,  1966. 


Conj.  Date 

Planets 

Jan  3 

Venus  Jupiter 

Jan  26 

Venus  Earth 

Feb  13 

Merc.  Mars  Saturn  Uranus  Pluto 

Mar  8 

Earth  Mars  Saturn  Uranus  Pluto 

Mar  19 

Merc.  Saturn  Uranus  Pluto 

Mar  21 

Mercury  Earth 

•  r>* 


Fig.  6.  Planetary  Configuration  One  Month 
Prior  to  Proton  Event  of  7  July  1966. 


Conj.  Date 

Planets 

May  27 

Jun  1 

Jun  14 

Jul  5 

Mercury  Earth 

Mercury  Jupiter 

Merc.  Venus  Saturn  Uranus  Pluto 

Earth  Jupiter 

Table  5.  Daily  X-Ray  and  Radio  Flux  for  Feb., 
Mar.,  1966.  Units:  0;8X;  10*^  ergs/ca  -  sec; 

10- cm:  10*^  w*tts/B2(c/s) .  The  passage  of  the 
active  center  Is  shown,  and  the  dates  of  signi¬ 
ficant  conjunctions. 
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85 

“ 

.  6.3 

84 
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- 
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95 

30 
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- 
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99 

31 

- 

- 
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Table  6.  Daily  X-Ray  and  Radio  Flux  for  June, 
July  1966.  Units:  0-8X:10*^  ergs/cni  (c/s). 
The  passage  of  the  active  center  is  shown,  and 
the  dates  of  significant  conjunctions. 
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Teble  7  Proton  Eveete  fro*  June  1966  tfcr'-ugh 
H*y  1969  Ccaptrcd  to  120-  D*y  preolctlon  Oroued 
L*vel  Event*  are  underlined.  Ferentbew* 
tlelng  error  of  )•*•  then  4  day*. 


Fred Ic ted  14  d. 

Observed 
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Y*«X 

Startles 

St'CCCIML 

1966 

9 

Jul 

X 

9  Jul 

27 

Jul 

X 

28  Jo* 

26 

Aug 

1  X 

2:  Aug, 2  Sep 

X 

5  Oct 

12 

Ho»* 

1967 

23 

Jen 

X 

28  Jen 
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00 
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X 
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*5 
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14 
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22 
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X 

31  Oct 

J969 

4  Apr 

z 

28  T«b 

30  Her 

iSLAj* 

TOTAL 

17 

12 

19 

*Errat  on  7*r  Side  of  Sun 


Z0RG  R/JK $  PREDICTION,  CYCL2  20 


Fig.  7.  Major  Proton  Events  of  Cycles  18-20,  by 
phase  of  11-ycar  cycle.  (Fichcel  and  McWoaald, 
1967)  (Solar  Geophysical  Dat«)  (Cuter  1969) 
(Bllaard  1969). 


A  trUn  prediction  method  has  been  attempted  oyer  a  period  of  four  years,  indicating  the  dattsc  of  the 
14- day  passage  of  solar  active  confers  which  could,  produce  proton  events.  The  forecasts  were  begun 
in  June  1965,  predicting  solar  activity  120  days  in  advance.  During  the  first  ye«.r  ->f  forecasting, 
the  active  longitudes  had  not  been  Included,  and  the  ret hod  underwent  several  other  improvement*. 
Bering  the  latest  three  years,  twelve  proton  events  (P8)  have  been  successfully  predicted  by  the 
method  outlined  (Xable  7).  To  check  the  validity  of  the  prediction  method  wg  define  three  ration. 

The  first,  sensitivity  (8),  is  the  ratio  of  the  cumber  of  correctly  predicted  FE/totai  -.lumber  of  PE 
The  second,  termed  reliability  (R)  ,  is  the  ratio  of.  correctly  predicted  PE/total  number  of  prediction 
periods.  The  S  and  R  ratios  are  commonly  used  for  evaluating  predictions,  by  ESP,.  persmnei  smong 
others.  The  third,  alert  time  (T) ,  is  the  ratio  of  the  time  during  which  proton  events  were  tore- 
canted/total  time.  From  the  totals  in  Table  1,  one  can  obtain  the  three  ratios  for  the  peric.d  i-om 
June  1,  1966,  through  May  31,  1969: 


-  63% 


70X 


T  .  17x14  .dag  , 
1096  dayo 


19  —  R**n 

Both  the  sensitivity  (S)and  Reliability  (R) ratios  are  high,  de-jpite  the  fact  *h.it  proton  events  vere 
predicted  only  2 21  of  the  total  time.  Many  failures  chat  did  occur  »ej«  -j^e  to:  (l)  the  slowly 
changing  active  longitudes  on  the  sun,  or  (2)  events  taking  place  on  a  different  pus-age  of  the  sas»e 
active  center  or  (?)  from  event?  on  the  far  side  of  the  sun,  snd  (4)  other  planets,  ’.irrefore  in- 
proved  Sensitivity  and  Reliability  would  result  from  further  study  of  the  longitudes  on  the  and 
the  •-.ime  development  of  rctive  centers. 

Ground  level  events  (GbPj  during  -ycies  18  through  20  are  snown  in  Fig.  7,  compared  to  Zurich 
asoothed  sunspot  numbers.  Typicnllv  ns.  or  two  GLE’s  occur  early  in  the  cycle  1.5  2  years  before 

sunspot  maximum,  Rg,  TVs  or  three  active  centers  produce  GLE’s  late  in  the  cycle,  starting  at  least 
one  year  after  Rg,  and  the  majority  of  polar  cap  absorptions  (PGA)  occur  st  this  time. 

Predictions  for  the  remainder  of  the  20th  cycle  are  shown  with  dotted  lines  in  Fig,  7.  The  pre¬ 
dicted  smoothed  sunspot  number  is  found  from  a  regression  formula  (Buler  19b9)  and  the  GLE  dates 
are  estimated  from  sequences  of  planetary  conjunctions  (Blisard,  1969).  In  the  latter  case,  the 
total  no.  of  GLZ'b  is  slso  estimated  from  the  overall  activity  of  cycle  20  compared  to  earlier 
cycles.  The  85,  of  cycle  20  is  about  equal  to  the  1^,  of  cycle  17.  On  the  other  hand,  the  stupe  of 
cycle  20  more  resembles  cycle  18  because  both  have  the  same  sunspot  polarity. 

CONCLUSION.  Long  range  prediction  of  solar  activity  has  now  become  possible.  Froton  events  have 
been  shown  to  be  related  to  the  positions  of  Mercury,  Venus,  Earth  and  Jupiter,  which  possibly 
affect  the  tidal  force  on  the  sun,  or  the  rate  of  change  of  solar  acceleration  in  an  inertial  frame 
of  reference,  the  lack  of  a  clear  explanation  at  this  time  of  how  the  planet  positions  affect  solar 
activity  does  not  detract  from  the  predictive  value  of  such  a  method.  The  dates  of  over  6QX  of  the 
proton  events  during  the  last  three  year*  have  been  predicted  in  advance,  using  only  5  parameters. 
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ABSTRACT 


The  Environmental  Science  Services  Administration  approach  to  solar  flare  forecasting 
is  reviewed  and  the  present  forecasting  "state  of  the  art”  is  discussed.  The  most  recent 
forecasts  have  shown  marked  improvement  in  accuracy  and  effectiveness  in  giving  warning 
at  least  one  day  in  advance  of  increasing  solar  activity.  Further  improvement  in  fore¬ 
cast  performance  will  depend  on:  (1)  changes  in  the  kind  of  data  reported  oy  the  routine 
solar  patrol  observatories,  (2)  an  increase  in  the  number  of  professionally  cvtined  fore¬ 
casters  and,  (3)  the  utilization  of  recent  advances  in  data  processing  instrumentation. 
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TECHNIQUES  OF  SOLAR  RUBE  FCKECA2TISS 
Patrick  S.  McIntosh 


Some  solar  flares  produce  enough  X-rays  to  cause  ionospheric  disturbances.  In  order  to  predict: 
these  disturbances  ve  must  first  learn  to  predict  the  solar  flare.  The  solar  flare  is  presently  defined 
as  a  sudden  brightening  in  the  solar  atmosphere  as  viewed  in  hydrogen  light.  Not  all  such  brightening? 
produce  significant  amounts  of  X-rays  or  accelerated  particles.  Me  must  learn  to  predict  which  of  thess 
brightenlngs  will  result  id  SIDe  ahd  ionospheric  storms. 

This  paper  is  a  brief  review  of  flare  forecasting  techniques  that  ESSA  has  examined..  Some  of  the 
data  available  to  forecasters  can  be  shown  to  be  of  no  help  at  all.  Me  will  shew  that  the  most  useful 
information  must  presently  be  evaluated  in  a  subjective  manner.  There  is  a  need  for  much  more  effort 
on  the  difficult  problem  of  classifying  and  quantizing  this  forecast  information. 

The  relationship  between  planetary  positions  and  solar  activity  has  been  carefully  examined  at  ESSA 
and  we  do  not  find  any  significant  relationship  for  forecasting  (Giuy  and  Sawyer,  1968).  Solar  activity 
is  not  random.  The  interaction  of  old  active  centers  and  new  regions  creates  persistence  and  periodicity. 
Any  two  periodic  phenomena  can  be  compared  in  a  way  that  appears  to  show  a  causal  relationship. 

Figure  1  presents  three  comnonly-uaed  solar  indices  for  the  last  quarter  of  1968  and  shows  how  they 
occur  relative  to  the  time  of  major  flares.  The  flare  index  is  derived  by  adding  the  number  of  flares 
during  the  day  and  weighting  each  flare  by  its  size.  The  10-7  centimeter-wavelength  radio  flux  is 
measured  daily  at  Ottawa.  The  sunspot  number  is  computed  by  counting  all  the  spots  visible  on  the  sun 
and  adding  to  it  a  number  ten  times  the  number  of  sunspot  groups.  Major  flare:-  are  those  of  importance 
two  or  greater  on  a  scale  of  zero  to  four,  based  on  area  of  the  hydrogen  flare. 

Xt  appears  from  this  graph  that  the  sunspot  number  might  be  a  flare  predictor  since  it  increases 
before  most  of  the  major  flares.  Me  will  demonstrate  the  unreliability  of  that  conclusion  belcw.  The 
history  of  flare  activity  show  that  there  is  no  reliable  Increase  in  flare  frequency  before  the  major 
flares.  The  radio  flux  averaged  over  the  solar  hemisphere,  which  is  a  more  objective  Index  of  general 
solar  activity  than  the  sunspot  number,  shows  the  least  tendency  to  correlate  with  the  major  flares. 

Any  objective  formula  which  attempts  to  use  these  variables  for  solar  forecasting  is  bound  to  give  poor 
performance. 

The  problems  with  the  sunspot  number  as  a  predictor  can  be  illustrated  by  studying  Figure  2  and 
Table  1.  The  different  sunspot  R-nunbers  on  the  drawings  for  50  Msiy  and  9  June  1968  are  mostly  a  function 
o*  the  observer  differences.  Hie  official  Zurich  sunspot  number  was  very  similar  on  the  two  days.  This 
similarity  was  also  reflected  in  the  radio  flux,  the  total  area  of  calcium  plage,  and  the  size  and  type 
of  sunspot  groups  present.  The  level  of  flare  activity,  however,  was  very  different.  On  the  30th  of 
M?y  uhe  irrgest  flare  was  an  importance  one-normal.  On  9  June  there  were  two  importance  two-bright  flaxes 
with  notable  increase!  in  X-ray,  radio,  and  proton  radiation.  None  of  the  indices  in  Sable  1  predict  this 
difference  in  activity. 
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In  order  to  mate  progress  in  flare  prediction  we  must  understand  the  physical  reasons  for  flare 
occurrence.  Active  centers  on  the  sun  are  the  result  of  strong,  local  magnetic  fields  emerging  through 
the  solar  surface.  Flares  occur  when  these  magnetic  fields  are  strong,  complex,  and  changing.  With  this 
in  mind  let  us  examine  the  differing  structures  in  the  sunspot  groups  in  Figure  2. 

Sunspot  area  ha3  a  positive  correlation  with  solar  flares  and  with  strong  magnetic  fields.  Me  might 
expect  that  the  largest  flares  on  each  day  occurred  in  the  largest  sunspot  groups.  This  was  not  the  case 
on  both  of  these  dates.  Hie  one-normal  flare  on  the  30th  occurred  near  a  small,  group  in  the  north-central 
part  of  the  sun.  On  the  9th  one  2B  flare  occurred  near  the  large,  but  simple,  spot  in  the  north-east;  and 
the  2B  proton  flare  occurred  in  the  small,  decaying  group  in  the  south. 

Strong  magnetic  fields  are  not  a  sufficient  condition  for  flares.  It  is  also  important  that  the 
fields  he  complex  with  high  magnetic  field  gradients.  The  largest  sunspot  groups  on  these  dates  were  very 
simple  in  structure  and  they  apparently  were  not  changing  in  a  way  that  stores  and  releases  flare  energy. 

The  reasons  for  the  major  flares  in  the  two  regions  on  the  9th  become  apparent  when  wo  look  at  tte 
development  of  the  sunspots  leading  up  to  the  time  of  the  flares.  Figure  3  shows  that  the  region  in  tne 
north  added  new  spots  shortly  afuer  appearing  at  east  limb.  These  spots  were  opposite  in  polarity  to 
the  large  spot.  Curing  the  days  leading  up  to  the  flare  these  spots  grew  and  the  distance  between  them 
and.  the  mir.  spot  diminished.  This  indicates  a  steady  increase  in  a  high  magnetic  field,  gradient  across 
a  line  of  polarity  charge  between  an  old  leader  sunspot  and  the  follow!  1  g  portion  of  a  new  active  center. 
Ew  interaeci-jn  of  new  active  centers  with  old  centers  is  the  common  way  of  creating  complex  magnetic 
field  conditions  (Mixtres,  1968). 

The  region  in  the  south  creates  the  sane  kind  jf  magnetic  Held,  c-'nd’ticc.  Although  the  spots  are 
all  small,  the  close  separations  of  spots  of  ipposit"  polarity  mate  high  gradients  across  the  line  of 
polarity  change.  Tne  spots  within  vhe  small  penumbra  or  6  June  f"~m  a  high  gradient  which  quickly  de¬ 
creases  during  8  June  as  the  nortb-polarity  spot  undergoes  proper  notion  toward  a  new  spot  of  south 
polarity,  3Ma  movement  rapidly  builds  a  new  region  cf  high  magnetic  -field  gradient  in  which  the  major 
.Clare  occurs. 

With  Just  these  two  examples  we  see  that  it  io  very  Important  to  have  trio-nation  on  magnetic  fields, 
configurations  of  spots,  and  accurate  neasureBert-j  of  sunspot  growth  and  sunspot  motion,  Me  see  in  the 
case  of  the  s.-.uthem  bemtaptere  region  tbet  the  region  au  a  -/hole  w-i.-,  decreasing  in  area  and  spot  count, 
hut  one  inpor.’&nt  area  wan  building  a  high  magnstr  field  gradient.  This  illustrates  hoe  need  to  look  at 
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portions  of  regions  when  we  watch  for  flare  conditions.  The  data  being  collected  today  measures  either 
averages  over  the  entire  sun  or  averages  over  an  entire  region.  It  1b  cot  surprising  that  they  have  poor 
forecasting  value. 

Sunspots  do  not  always  reveal  the  reason  for  s  flare.  We  saw  that  we  had  to  add  magnetic  polarity 
data  for  the  spot  evolution  to  have  Meaning.  Perhaps  ve  could  forecast  flares  with  magnetic  field  data 
alone.  Very  likely  we  could;  but  magnetic  field  data  is  not  available  often  enough  nor  with  enough  spatial 
resolution.  There  are  some  expensive  msgnetographs  under'  development  that  premise  to  solve  the  reso¬ 
lution  and  availability  problem;  but,  they  are  already  behind  schedule,  and  one  or  tvo  of  these  have 
rescinded  their  promise  to  provide  data  rapidly.  Our  forecast  center  must  have  an  alternate  source  of 
real-time,  solar  magnetic  data. 

We  find  it  is  possible  with  careful  interpretation  of  hydrogen-alpha  pictures  to  infer  magnetic  data 
from  the  pictures  that  have  been  a  part  of  the  solar  patrol  programs  for  decades.  Figure  b  shows  a  picture 
of  some  solar  active  regions  enlarged  from  the  solar  patrol  films  at  Boulder.  This  wealth  of  fine  structure 
forms  systems  that  reveal  the  orientation  and,  to  some  degree,  the  strength  of  the  magnetic  fields.  The 
inferred  lines  of  polarity  change  are  shown  below. 

In  general,  active  regions  in  both  white  light  and  hydrogen  light  have  a  natural  +endency  to  divide 
their  structure  according  to  polarities.  Sunspots  normally  cluster  into  groups  with  concentrations  at 
east  end  west  ends  and  a  gap  between  indicating  when  the  polarities  change.  The  same  is  true  for  the 
bright  plage  in  hydrogen  light-  Most  have  a  eonspicuc.ua  corridor  at  the  position  of  polailty  change.  In 
areas  without  bright  plage,  the  long,  dark  filaments  are  the  markers  of  polarity  change. 

Polarities  can  be  assigned  by  a  simple  law  that  says  that  the  spots  on  the  western  side  of  regions 
in  the  northern  hemisphere  almost  always  have  the  same  polarity  during  a  solar  cycle.  Western  spots  of 
opposite  solar  hemispheres  have  opposite  polarities. 

This  technique  for  inferring  polarities  from  flare  patrol  images  has  been  remarkably  successful  an  l 
affords  an  easy  means  of  patrolling  for  high  lagnetic  field  gradients  and  watching  the  evolution  of  mag¬ 
netic  field  configurations.  What  is  lacking  now  is  a  procedure  for  readily  placing  numerical  values  on 
these  gradients  and  configurations .  This  calls  for  effort  on  classification  of-  configurations  and  ways 
to  quantize  inferred  magnetic  field  gradients.  We  would  hope  to  elicit  interest  In  this  area  among  other 
forecasters  and  solar  astronomers . 

Because  the  data  most  useful  for  forecasting  flares  is  not  yet  quantitative  we  must  assemble  our 
forecasts  in  a  subjective  manner.  Although  this  approach  introduces  some  unwanted  human  "noiBe"  in  our 
forecasts,  wa  feel  it  is  now  the  most  efficient  and  most  accurate  approach  to  forecasting.  Figure-  5  shows 
the  forecasts  issued  during  the  last  quarter  of  I960  and  the  major  flareB  that  occurred.  This  performance 
Is  far  from  perfect,  but  it  is  effective  for  most  users  of  solar  forecasts.  Most  Important,  the  accuracy 
Is  better  than  that  obtained  by  either  a  persistence  forecast  or  a  forecast  based  on  climatology. 

We  caui*  improve  this  performance  -nakedly  without  any  further  progress  in  research.  We  are  not  yet 
Making  full  use  of  the  available  technology  for  sonar  forecasting.  In  order  to  increase  the  effectiveness 
of  rwer  forecasts  we  need: 

(1)  Increased  automation  of  data  handling  and  processing  so  that  more  of  our  manpower  is 
available  for  data  analysis. 

(2)  More  applied  research  on  putting  sound,  subjective  forecast  techniques  on  numerical, 
objective  bases. 

(3)  Continued  fca3lc  research  relating  X-ray  and  particle  production  to  flare  structure  and 
active  region  structure. 

(k)  An  education  program  in  solar  activity  to  enable  us  to  make  full  use  of  our  limited 
human  resources. 
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Figure  X.  Comparison  of  three  commonly-used  solar  indices  with  the  occurrence  of  sajor  solar  flares  for 
the  last  quarter  of  1968. 
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Figure  3-  Evolution  and  magnetic  polarities  of  sunspot  groups  associated  with  imgportance  2B  flares  on 
9  June  19^8. 
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SUMMARY 


One  problem  facing  the  Air  Force  Solar  Forecast  Center  is  the  prediction  of  ionospheric 
effects  related  to  energetic  proton  emissions  from  the  sun.  The  occurrence,  intensity,  and 
duration  of  these  charged  particle  emissions  are  related  to  the  optical,  radio,  and  x-ray 
emissions  from  the  solar  flares.  Data  stnmaries  appearing  in  pre -published  form  such  as 
the  Explorer  34  proton  results  in  the  Solar -Geophysical  Data  bulletins  published  by  ESSA, 
the  Geophysics  and  Space  Data  Bulletin  by  AFSKL,  anof  real  time  proton  and  X-ray  data  from 
Vela  have  allowed  the  evaluation  of  many  important  parameters. 

Radio  and  X-ray  data  give  an  important  indication  of  proton  production.  O.  radio  bursts 
with  a  high  flux  density  and  a  slope  reflecting  greater  flux  values  at  higher  frecpjencies  are 
often  proton  productive.  Exaninaticn  of  the  data  stannaries  have  shown  that  the  meter  classi¬ 
fication  of  flares  as  type  II  or  type  IV,  even  though  qualitative ,  should  be  used  in  conjunction 
with  the  cm  radio  criteria.  The  peak  intensity  of  the  proton  flux  E  >  25  meV  correlates  better 
with  the  integrated  .5-5  I  X-ray  bursts  than  with  the  integrated  cm  radio  bursts ,  peak  an 
radio  flux,  or  peak  X-ray  flux. 

The  protom  events  were  exanined  in  terms  of  both  isotropic  and  anistropic  diffusion 
theories.  The  anistropic  diffusion  theory,  which  predicts  that  the  plot  of  In  (It5/2)  vs  1/t 
is  a  straight  line  during  the  rising  portion  of  the  protom  event,  can  be  used  to  extrapolate 
protom  fluxes  for  E  >  10  msV  during  504  of  the  events.  The  isotropic  diffusion  theory,  which 
predicts  that  during  the  entire  event  the  plot  of  In  [It  ( vs  1/t  is  a  straight  line, 
can  also  be  used.  The  isotropic  diffusion  theory  uses  a  diffusion  coefficient. 

D  *  Mr®. 

It  was  found  that  M  and  8  tended  to  be  functions  of  flare  position  on  the  solar  disc. 

If  there  is  a  direct  connection  between  the  polar  geomagnetic  field  and  the  interplanetary 
magnetic  field,  and  if  there  are  no  accelerating  electric  fields,  the  unidirectional  inter¬ 
planetary  proton  flux  is  directly  related  to  the  proton  flux  over  the  polar  caps .  A  measurement 
of  the  interplanetary  flux  in  near  earth  space  gives  a  good  indication  of  the  polar  cap  fluxes. 
It  was  found  that  the  30  Mfc  absorption  over  the  poles  during  a  PCA  is  proportional  to  the 
square  root  of  the  integral  proton  flux  E  >  11  meV  in  interplanetary  space . 
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IX.  1.  Introduction 

fine  problem  facing  the  Air  Weather  Solar  Forecast  Center  is  the  prediction  of 
ionospheric  effects  related  to  energetic  proton  emissions  from  the  sun.  The  occurence, 
intensity,  and  duration  of  these  charged  particle  emissions  are-  related  to  the  optical, 
radio  and  X-ray  emissions  from  the  solar  flares .  Data  summaries  appearing  in  nro-nublishid 
form,  such  as  the  Explorer  34  proton  results  in  the  Solar-Geophysical  Data  bulletins 
published  by  ESSA  and  the  Geophysics  and  Space  Data  Bulletin  by  AFCkL .  have  allowed  the 
evaluation  of  many  important  parameters. 

An  interdisciplinary  approach  to  PCA  prediction  and  ionospheric  forecasting  allows 
some  effects  to  be  calculated  from  first  princiwl.es  shortly  after  the  epical  flare  occurs. 
Solar  radio  and  X-ray  burst  observations  are  useful  in  determining  if  rvotans  were  actually 
produced  during  the  flare.  These  bursts  also  give  an  indication  of  Kts  numbe-  of  protons 
produced.  The  position  of  the  flare  on  the  solar  disk  and  the  solar  wind  velccity  cm  b»; 
used  to  indicate  the  rise  time  and  the  peal"  intensity  c*  the  event  in  the  near  earth  space. 
Using  the  first  few  proton  data  points,  the  pic ton  intensities  can  be  extrapolated  info 
the  future.  Ground  based  magnetic  measurements  can  then  be  >ised  to  indicate  the  spaed  .cl 
extent  of  the  precipitation  and  its  uniformity.  Satellite  data  and  real  time  majpetic 
measurenents  can /be  used  to  update  the  forecasts  during  the  event.  On  the  basis  of  the 
extrapolated  fluxes,  the  next  step  is  to  calculate  the  ionization  caused  by  the  protons 
using  an  atmospheric  model  and  a  ♦vo-ion  D  region  model  for  PCA  events  to  calculate  the 
electron  prefiles.  Finally,  the  obsoiption  on  vertical  and  oblique  narths  can  be  calculated 
for  nigh  frequency  communication  systems  across  polar  regions .  Deal  time  riomiter  measurements 
car  be  used  to  verify  the  prediction. 

This  paper  covers  many  of  the  different  phases  of  PCA  prediction.  First,  the  radio 
and  X-ray  characteris tics  of  proton  producing  flares  are  exasired.  Then  the  two  theories 
relating  to  particle  propagation  in  the  interplanetary  median  axe  investigated  for  their 
applicability.  Auroral  measurements  and  low  altitude  satellite  measurements  are  then 
discussed  to  show  the  relationship  of  the  spacial  extent  of  the  PTA  to  magnetic  activity. 
Finally,  the  relationships  between  30  MHz  riaoeter  aborpticr.  and  the  exospheric  proton 
flux  are  discussed.  The  problem  of  electron  profiles  and  oblique  absorption  Kill  not  be 
covered  in  this  report. 


IX.  2,  Prediction  of  Proton  Production 

Mmy  different  authors  have  noted  the  relationship  between  PCA,  discrete  frequency 
era  radio  bursts,  and  Type  IV  aster  radio  bursts  (Bell,  1963;  Hnidu,  1965;  loshida  et.al., 

1963;  DcJager,  1967).  Some  studies  liave  been  based  upon  sweep-frequency  observations 
(Bell,  1963)  while  others  have  been  based  upon  observations  at  discrete  frequencies  (Castelli 
et.  al.,  1967;  Harvey,  1965).  This  section  describes  s one  of  the  problems. involved  in 
trying  to  use  these  research  results  operationally. 

The  discrete  frequency  data  in  the  cm  wavelength  region  are  mere  helpful  in 
predicting  the  large  proton  events  which  c&sse  a  PCA  than  the  sweep-frequency  results.  There 
is  quite  a  large  variation  in  the  report'll  sweep- frequency  events.  Different  observatories 
tend  to  record  each  event  differently.  Table  1  shows  the  comparison  of  the  Harvard  Observatory, 
Sagamore  Hill,  and  Boulder  sweep-frequency  results  using  the  information  given  in  the  A.FCRL 
Geophysics  and  Space  Data  Bulletin  and  the  ESSA  Solar -Geophysical  P3ta  bulletins .  As  one 
notes  frcm  the  table,  there  are  large  variations  in  The  identification  oi  these  bursts  from 
observatory  to  observatory.  Thus  the  sweep- frequency  results  tend  to  be  qualitative. 

Proton  producing  flares  tend  to  have  distinctive  characteristics  at  ca  wavelengths 
(Castelli  et.  al. ,  1967).  When  examined  at  each  discrete  frequency  at  the  flux  peaks,  many 
events  have  a  pronounced  U-shaped  dip  in  the  intensity  vs  wavelength  curves  in  the  2C-1($,  05 
range.  The  proton  producing  flares  examined  by  Castelli  had  a  high  fine  density  (  watts 

per  m/-Kz  in  the  aierewa/e  region  up  to  10,000  MHz  with  a  slope  reflecting  greater  flux  values 
at  hi^ier  frequencies.  Table  2  shows  the  result  of  using  these  criteria  to  predict  proton 
fluxes  on  the  basis  of  the  discrete  frequency  events  reported  by  Sagamore  Hill  firm  January'  196 7 
to  February  1969.  Using  the  discrete  wavelength  radio  criteria  alone  gives  approximately  j 
reliability  of  5CI.  Hrwever,  using  the  Saganore  Hill  sweep-frequency  data  in  conjunction 
with  the  discrete  frequency  data  tends  to  increase  the  forecast  reliability  evan  thtrigh  the 
sweep -frequency  data  is  a  qualitative  measurement. 
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IX.  3.  Ptsk  Proton  Intensity 

If  tiie  nunfcor  of  protons  accelerates  in  a  solar  flare  is  proportional  to  the 
nuJsar  ot  elections  accelerated,  and  if  the  intensity  of  X-rays  in  sere  wavelength  band  is 
yrcportional  to  -he  nunfter  of  electrons  produced,  then  the  integrated  intensity  of  x-rad- 
lation  in  that  band  should  be  proportional  t<.  rite  m*jber  of  protons  produced.  The  Vela 
.S-5  A  X-ray  da*?,  was  integrated  by  as  sure  lug  an  eipon&itial  rise  and  deccy  of  ate  intensity. 
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whore  t  md  t .  are  the  exponential  rise  and  decay  times ,  I  is  tie  ™sximm  X-ray  intensity, 
aw?  Iin£  is  the  integrate1  X-ra>  intensity. 

The  result  of  plotting  the  integrated  X-ray  intensity  vs  the  peak  Vela  neutron  noni tor 
count  Tate  (protons  E>  25  wVJ  (Singer,  1965)  is  plotted  in  Figure  1.  The  triangle  point 
was  emitted  in  calculating  the  curvilinear  jrnbx  of  correlation.  This  result  indicates 
that  a  flare  Iras  to  nave  an  integrated  intensity  X-ray  burst  above  a  particular  value  before 
the  pretans  accelerated  are  of  sufficient  intensity  to  be  measurable  at  the  Earth. 


IX.  4.-  Arrival  of  P  ret  ere 

There  are  two  theoretical  frameworks  within  which  the  preton  observatiais  could  be 
analyzed,  iho  first  is  thi  anisotropic  diffusion  wiih  boundary  theoretical  fraanework  (MB) 
of  Burlaga  (1967)  vhile  the  second  is  the  isotropic  diffusion  theoretical  framework  (Parker, 
1265;  Kriadgio,  1965) .  Both  theories  have  features  applicable  to  predicting  the  behavior 
of  proton  events.  However,  both  theories  have  definite  shortcomings. 

The  anisotropic  diffusion  with  boundary  (ADB)  theory  assumes  that  the  interplanetary 
magnetic  field  lines  between  the  sun  and  the  Earth  are  spirals  with  irregularities  which 
can  effectively  scatter  the  solar  protons .  The  solar  proton  flux  in  tills  theory  will  be 
anisotropic  and  tne  flux  will  be  greatest  in  the  direction  of  the  fiel  * ,  Beyond  1  A  U. , 
the  Scattering  centers  change  so  that  protons  cannot  be  scattered  back  into  the  diffusing 
region  once  they  have  reached  the  transition  region.  Thus  in  this  mou^l,  it  is  assumed 
that  there  is  an  absorbing  boundary  at  sane  heliocentric  distance  greater  than  1  A.U. 

The  ADB  model  is  not  particularly  useful  in  predicting  the  entire  behavior  of  a 
particular  event.  The  theory  uses  two  different  constants  to  describe  the  intensity 
behavior  as  a  function  of  time.  The  relaticnship  between  the  two  constants  depends  upon 
the  position  of  the  absorbing  boundary  which  varies  from  event  to  event.  If  r,  is  the 
position  of  the  Earth  in  A.U.,  the  theory  may  be  used  to  calculate  r./r  for  many  low 
energy  events.  Figure  2  gives  this  ratio  for  thirteen  «rrent3 .  The  thecre  is  obviously 
not  applicable  for  two  cases  out  of  the  thirteen  because  the  absorbing  boundary  is  less 
than  1  A.U.  Hwever,  this  theory  mid  have  beer  used  for  60*  of  the  cases  examinee  to 
extrapolate  the  proton  intensity-tine .  Figurer^shows  one  of  the  events  which  had 
considerable  structure.  Evan  though  the  in(I!',/  )  vs  1/t  relationship  predicted  by  the 
theory  did  not  hold  for  the  entire  event,  the  relationship  held  during  the  tj.s*  of  the 
event  and  would  have  allowed  a  good  determination  of  the  peak  proton  intensity. 

The  nuaerous  proten  events  sirre  May  1967  were  anlayzed  within  the  ADS  theoretical 
framework.  ly  examining  tie  various  particle  parareters,  one  can  determine  the  gross 
characteristics  of  the  proton  events.  One  of  the  predictions  of  the  AJB  theory  is  that 
there  should  be-a  linear  relationship  between  the  time  that  tie  protons  reach  maxima 
intensity  and  er  ,  *  the  square  of  the  position  of  the  flare  with  respect  to  the  sun  - 
harth-Aidnasdes  spiral  angle.  Figure  4  shews  such  a  plot.  The  abscissa  is  determined  by 
the  recipe  given  in  tie  article  (Burlaga,  1967),  virile  t'i  ordinate  is  the  time  in  hours 
that  it  took  the  protens  to  reach  maxima  intensity  after  the  start  of  the  flare.  The  grouping 
of  points  above  the  line  for  0  <  6  <  1  can  be  due  either  to  the  misidentificaticn  of  the  parent 
flsie  or  the  inapplicability  of  the  theory  to  these  lower  energy  solar  cosmic  rays. 


TABIf  I 


EVENT 


SAGAMORE  HILL 
(BOULDER) 


HARVARD  (BaERVAltBOf 
(SAGAMORE  HILL) 


TYPE  IV  35  13 

NOT  ON  AIR  3  2 

91  IS* 

NO  BURST  2  1 

6*  8* 

CONTINUUM  10  3 

27*  23* 

TYPE  I  0  0 

0*  0* 

TYPE  II  1  0 

3*  0* 

TYPE  III  0  1 

04  8* 

TYPE  IV  19  6 

SS*  46* 

Fran  1  Oct  1966  to  30  Jan  1969 


10 

IS* 


13 

19* 

IS 

23* 

0 

0* 

3 

St 

6 

9* 

19 

29* 


g 


Date 

Burst 

27  Feb  67 

IV 

4  Mar  67 

III 

21  May  67 

IV 

23  May  67 

II  8  IV 

25  Jul  67 

Cent  I 

3  May  68 

III 

8  Jul  68 

IV 

8  Aug  68 

No  assoc  burst 

29  Sep  68 

III  G,  II 

27  Oct  68 

III,  Cont 

1  Nov  68 

IV 

17  Jan  69 

IV 

Castelli  Criteria  only:  42%  proton  productive 

Castelli  Criteria  plus  Type 

II  or  IV:  711  proton  productive 


Castelli  Criteria  plus  Type 

IV:  (one  event  not  called)  661  proton  productive 
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If  the  AD?.  theory  is  vali  1  in  this  energy  region,  the  line  chsvn  in  figure  4  can  be 
used  to  determine  the  r.oimjlitatioft  factor  for  the  peak  jrctoi  intensity.  Ibis  normalization 
factor  is  given  in  Figure  5.  The  two  lines  specify  the  probable  limits  on  the  norxalization. 
Within  this  theoretical  framework,  there  is  air  effect  caused  by  flare  position  on  both  the 
intensity  and  the  time  behavior  of  the  proton  event. 

d.3  can  also  anlayze  each  proton  event  in  terms  of  the  isotropic  diffusion  theory 
(Parker;  1963;  Krimigis,  1965).  In  this  theory,  the  diffusion  coefficient,  D,  is  given  by 


where  r  is  the  heliocentric  radial  distance  in  A.U.,  ana  M  ancLB  are  paraueters  which  may  and 
often  do  depend  upon  the  particle  energy  E.  The  units  of  Mr8'  are  (hours)  .  Krimigis  showed 
that  for  E  <  50  meV,  the  parameter  M  does  depend  upon  the  proton  energy.  Thus,  if  one  wants  the 
time  behavior  for  10  rjeV  protons,  cue  must  use  a  data  base  of  10  meV. 

It  can  be  sham  that 


where  M  and  g  are  the  coefficients  given  in  Equ.  (2)  and  t^,  is  the  time  it  takes  for  the 
protons  to  reach  maximum  intensity.  Since  t  does  depenS^cn  the  solar  Hare  heliogiaphic 
longitude,  it  is  possible  to  empirically  determine  M  and  6  as  a  function  of  solar  flaw- 
position  e*in  though  such  an  assumption  violates  the  basic  theoretical  considerations. 

Sixteen  out  of  twenty  events  could  be  analyzed  within  the  isotropic  diffusion  framework. 
Figure  3  shews  one  of  these  events.  This  figure  also  shows  that  there  is  an  area  of  agreement 
between  the  ADB  theory  and  the  isotropic  diffiision  theory.  ,A/5®rtain  anount  of  judgment  was 
necessaiy  in  determining  8  from  the  graphs  of  1/t  vs  In  [It1-  '  ~'8)]  because  of  poor  time 
resolution  and  uncertainties  in  count  rates  and  particle  backgrounds.  This  event  also  illustrates 
what  happens  when  a  proton  event  has  Considerable  structure.  Many  events  showed  the  characteristic 
hook  at  small  values  of  1/t.  The  value  of  8  used  was  that  value  which  best  fit  the  first  several 
values  of  1/t  and  which  also  adequately  fit  the  leng  time  behavior  at  small  values  of  1/t. 

Figure  6  gives  scatter  plots  of  6  and  M  as  a  function  of  6  for  10  and  30  meV  protons  as 
a  function  of  flare  position.  The  0  was  determined  in  the  .MB  theoretical  framework.  Several 
features  do  stand  out.  The  low  values  of  8  and  M  for  8  less  than  .35  radians  are  probably  due 
to  the  diffusion  being  cme  or  two  dimensional  instead  of  three  dimensional  as  assumed  in  this 
analysis.  There  does  seem  to  be  a  trend  as  a  function  of  8  for  3  >  .S  radians.  Although 
there  is  a  large  amount  of  scatter,  the  higher  energy  particles  tend  to  have  larger  values  of 
M  and  8  than  the  lower  energy  particles. 

An  important  conclusion  to  be  drawn  from  this  study  is  that  these  results  can  be  refined. 
Better  time  resolution  will  lead  to  less  scatter  in  the  data.  The  better  the  tine  resolution, 
the  easier  it  was  to  determine  M  and  8.  Data  for  larger  values  of  6  have  not  yet  become 
available  with  the  necessary  count  rate  accuracy  or  time  resolution. 


IX.  5.  Riometer  Absorption 

Several  characteristics  of  the  PCA  are  related  to  the  magnetic  indices.  If  one  examines 
the  data  obtained  during  different  PCA1  s ,  one  does  not  have  enough  data  to  make  good  statistical 
predictions  on  the  spacial  extent  of  the  proton  precipitation.  However,  by  using  the  mass  of 
observations  of  the  aurorae,  one  can  draw  conclusions  ou  the  spacial  extent. 

It  has  been  found  that  the  equatorial  edge  of  the  auroral  oval  is  the  high  latitude 
edge  of  those  magnetic  field  lines  which  connect  each  hemisphe-.  2  without  being  drawn  into  the 
earth’s  magnetic  tail.  There  have  been  many  observations  of  auroral  movement  toward  the 
equato:  as  a  function  of  Kp  and  local  time  (Feldstein,  1966) .  As  Kp  incre-jses,  the  auroral 
oval  moves  toward  the  equator.  Figure  7  shows  the  latitude  distribution  of  the  aurora  as  a 
function  of  iC  for  a  longitude  zone  close  to  geomagnetic  midnight.  The  joints  represent  the 
peak  of  the  peak  hourly  occurrence,  while  the  error  bars  represent  tire  width  of  601  of  the 
peak  (Gartlein  et.  al.,  1965) .  Thus  the  spacial  extent  of  the  PCA  can  oe  predicted  as  a 
fiaiction  of  Kp. 


Many  theoretical  calculations  have  been  done  on  the  energy  loss  of  protcr.s  in  the 
atmosphere  and  the  related  riometer  absorption  (Ads?*=  -u»d  Masley,  1366,  Fichtel  et,  al. , 

1363) .  One  can  now  verify,  on  the  basis  of  satellite  data,  many  of  the  asstmptions  made 
and  relate  the  exospheric  proton  flux  to  tire  riometer  absorption. 

Several  assumptions  can  be  easily  verified.  Explorer  34  proton  measurements  have  shewn 
that  the  exponential  rigidity  spectrum  better  fits  the  integral  spectral  measurements  between 
10  ah.1  60  meV  than  exponential  energy,  power  law  energy  or  power  lw  rigidity. 

Low  altitude  satellites  have  shown  that  even  if  the  precipitation  wer  the  polar  caps 
is  not  uniform  in  spatial  extent,  the  unidirectional  flux  of  particles  at  a  point  is  still 
isotropic  away  from  the  earth.  (Stone  and  Evans,  1969;  Blake  ot.al,  1968) 

The  Explorer  34  and  the  Vela  satellites  make  the  majority  of  their  measurements  in 
the  interplanetary  space.  These  measurements  are  directly  applicable  «.o  the  polar  rap 
ionospheric  measurements.  If  there  are  only  smill  electric  fields,  and  if  the  magnetic  field 
lines  connect  directly  from  the  polar  caps  to  tlie  interplanetary  space,  an!  if  tire  inter¬ 
planetary  proton  flux  is  nearly  isotropic,  then  the  proton  flux  ever  the  polar  caps  will  also 
be  isotropic  and  of  the  same  intensity  as  the  interplanetary  proton  flux.  If  there  is  no 
direct  connection,  the  proton  precipitation  will  not  be  tmifotm  over  the  polar  caps.  However, 
the  flux  cannot  be  greater  at  any  point  over  the  polar  cap  than  the  flux  in  interplanetary 
space. 

On  the  basis  of  theoretical  calculations  (Adaiis  and  Masley,  1966) ,  it  car.  be  concluded 
that  the  30  MHz  riometer  absorption  is  proportional  to  the  square  root  of  the  incident  integral 
particle  flux  for  E  >  11  meV.  (Juday  and  Adams,  1969) .  An  analysis  of  the  Explorer  34  jid 
Thule  riometer  data  have  helped  confirm  this  result. 

The  Explorer  34  data  and  Thule  riometer  data  have  been  examined.  Figure  8  is  a  plot 
of  the  results  for  10  meY  particles.  One  notes  that  these  10  meV  particles  scatter  about  the 
line  of  slope  0.5.  The  points  tend  to  fall  belcs?  the  line  at  high  absorption  values  and  above 
the  line  at  low  absorption  values.  When  the  £  >  20  meV  flux  is  plotted  as  the  abscissa,  the 
paints  at  low  absorption  tend  to  fall  below  the  line  while  those  at  high  values  tend  to  fall 
above  the  line.  Thus,  the  absorption  is  directly  proportional  to  the  integral  flux  somewhere 
between  10  and  20  meV.  Within  the  limitations  oif  this  analysis,  therefore,  the  integral  flux, 
for  E  >  11  meV  is  an  experimentally  verified  conclusion. 


DC.  6.  Summary’ 

An  interdisciplinary  approach  «.c  PGA  prediction  and  ionospheric  forecasting  allows 
some  effects  to  be  calculated  from  first  principles  shortly  after  the  optical  flare  occurs. 

Solar  radio  and  X-ray  burst  characteristics  are  useful  in  determining  if  protons  were  produced 
in  sufficient  quantity  to  give  riometer  absorption.  The  position  of  the  flare  cn  he  solar 
disk  and  the  solar  wind  velocity  can  be  used  to  indicate  the  rise  time  and  peak  intensity  of 
the  event  in  near  earth  space.  Using  the  first  few  proton  data  points,  the  proton  intensities 
can  be  extrapolated  into  the  future.  Ground  based  magnetic  measurements  can  then  be  used  to 
indicate  the  spatial  extent  of  the  proton  precipitation.  Satellite  data  and  real  time  magnetic 
measurements  can  be  used  to  up -date  the  predictions  during  the  event .  Experimental  measurements 
have  verified  some  of  the  assumptions  and  theoretical  predictions  for  30  NHz  riometer  absorption. 
Thus  the  satellite  proton  measurements  can  be  enployed  to  specify  and  predict  absorption.  Die 
approach  taken  in  this  report  can  be  continued  to  give  better  predictions  once  more  data 
become  available. 
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CORRELATION  COEFFICIENT 
.85 


EXCESS  NEUTRON  MONITOR 
COUNTS  (PROTONS  E>25MEV) 

Figure  1;  Peak  neutron  monitor  counting  rate  due  to  protons  E  >  25  meV  vs  the  integrated 
X-ray  flux.  No  correction  has  been  made  for  the  interplanetary  propogaticn 
factors. 
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Figure  2:  Position  of  the  absorbing  boundary  for  the  anisotropic  diffusion  with  boundary 

(ADB)  theory  for  13  proton  events. 
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Intensity  maximum  as  a  function  of  the  square  of  the  angle  of  the  flare  longitude 
with  respect  to  sun-Earth -Archimedes  spiral  angle. 
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Figure  5:  Interplanetary  prcpogaticn  scaling  factor  as  a  function  of  flare  position 

and  the  sun-Earth  Archimedes  spiral  angle.  The  two  lines  shew  the  limits  of 
this  normalization  factor. 


.19 


.05 


*r 

•  • 


A 


•  O 

A 


1""'  ~~  1 

Ini 


A  E>!0«V 

•  Z  >2SM£V 

•  E>3MKV 


t  A 


« 

_ S _ L. 


_l_ 


1.0  IS  2.0 
f  (RADIANS) 


IS  J.0 


» (RADIANS) 


Figure  6:  The  diffusion  coefficients,  H  and  6,  as  a  function  of  the  flare  position  and  the 

sun -Earth  Archimedes  spiral  angle.  The  higher  eneigy  particles  tend  to  have 
hi^ier  values  of  M  and  6  ths”.  the  lower  energy  particles. 
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SUMMARY 


"cocasti  i-tt  the  use  of  radio  ppectral  signatures  for  predicting  a  PCA  event  after  the 
occurrence  of  u  solar  flare  lb  evaluated.  Selected  1966-1968  radio  bursts,  both  proton  and 
noupsoton  associated,  vere  integrated  in  flux  to  cbtaln  the  spectral  energy  characteristics 
of  each  event.  Large  energies  la  the  meter  wavelength  range  were  particularly  noted  with 
lerje  PCA  events.  Burst  mecn  flux  times  duration  as  a  substitute  for  actual  energy  values 
obtained  by  integration  are  examined.  Energy  spectral  characteristics  are  shown  as  a  function 
of  flare  longitudinal  position.  Total  radio  energies  obtained  by  integration  of  the  energy 
spectrum  in  the  500  -  8500  MHr  range  are  obtained  and  compared  in  terms  of  the  East-West 
longitudinal  fb-re  pc  iltton  to  magnitudes  of  the  associated  PCA  events. 
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MULTIFREQUENCY  SOLAR  RAPIO  BURSTS  AS  PREDICTORS  FOR  PROTON  EVENTS 

R.  M.  Strata  and  W.  R.  Barron* 

Air  Force  Cambridge  Research  Laboratories 
Bedford,  Massachusetts 

INTRODUCTION 

The  ability  to  forecast  a  Polar  Cap  Absorption  Event  following  an  intense  solar  flare  can  be 
of  vital  Importance  to  the  communicator  who  uses  the  polar  region  Ionosphere  in  his  communications 
network.  Some  degree  of  success  in  predicting,  days  in  advance,  that  this  proton  producing  flare 
will  occur  is  offered  through  the  solar  optical  measurements  of  active  region  spot  configurations 
and  aims,  plage  at'-as,  magnetic  field  configurations,  and  gradients  of  the  field  is  the  active 
region.  However,  it  is  rot  until  the  flare  actually  occurs  and  a  unique  radio  signature 
accompanies  it,  can  there  be  a  high  degree  of  certainty  that  «s  PCA  event  will  ensue.  This  allows 
tens  of  minutes  to  tens  of  hours  warning  before  the  maximum  absorption  of  the  PCA  is  retained. 

These  short  term  forecast  capabilities  are  pointed  cut  by  Castelli  and  Aarons  in  paper  #11  pre¬ 
sented  at  this  conference. 

The  intensity  and  spectrum  of  the  radio  bursts  reflect  the  numbers  end  energies  as  well  as 
the  magnetic  field  Influences  on  the  accelerated  electrons  that  accompany  the  flare.  If  one 
accepts  a  similar  and  simufcaneous  acceleration  of  protons,  then  the  radio  burst  characteristics 
may  vel<  be  Indicative  of  what  to  er.pect  from  the  protons.  Studies,  for  example,  by  Webber  (1963) 
and  Fletcher  (1964)  have  shown  a  relationship  between  the  sire  of  the  rs<io  event  and  the  intensity 
of  the  proton  event.  To  gain  further  Insight  to  this  relationship,  this  paper  investigates  multi- 
frequency  integrated  flux  characteristics  of  radio  burets  (energy  spectrum)  aad  “.heir  total 
integrated  radio  energy  ever  several  octaves  of  spectra,  H7W  these  values  lend  chemselvej  to 
quantitative  measures  of  the  magnitude  of  the  accompanying  1'CA  events  are  investigated. 

EFFECTIVENESS  OF  THE  RADIO  SIGNATURE  AS  A  PCA  PREDICTOR 

As  part  of  thh  incorporation  of  the  AFCRL  devised  radio  signature  criteria  (Castelli  et  al., 
1967;  and  Caste  Hi,  1968)  into  the  joint  AFCRL-AWS  Space  Forecasting  Program,  an  independent 
computer  check  was  made  of  the  aucceaafulneas  of  this  yes-no  predictor  of  PCA  events,  Thir  was 
accomplished  by  islng  Nagoya  radio  data  for  the  perio  ’  1960  through  1963,  as  well  as  Kirarso, 

Tokyo,  and  Hollandia  meter  wavelength  burst  data.  The  signature  criteria,  similar  to  those  cited 
above,  employed  in  this  test  were  the  following: 

I)  The  peak, burs!  flux  Increased  with  frequency  to  a  value  exceeding  1000  flux  units 
(1  f.u.  =  1  x  10“22y/M^/H z)  in  tbe  9000  MKz  range, 

7)  A  peak  flux  minimum  was  observed  in  the  500  -  200?  MHz  range. 

3)  And,  a  peak  flux  rise  occurreJ  In  the  lew  frequency  direction. 

All  radio  data  tested  *.ere  fro"  the  I.A.n.  Quarterly  Bulletin  of  Solar  Activity  and  covered  the 
following  frequencies  (In  KHz) .  9500  T0K,  9400  NAg',  3750  NAG,  3000  TOK,  2000  NAG,  1000  NAG, 

200  TOK,  200  HIR,  and  20o  HOL.  PCA  events  were  selected  from  the  listings  of  Obayashi  (1962), 
Bailey  (196' ) ,  Jonah  (1966),  and  Sakura  (1368).  Only  those  PCA  events  that  had  identified  perent 
flares  occurring  within  the  Kagoya  station  operating  hours  were  used.  Table  1  lists  those  events 
that  would  have  boon  called,  confirmed  (indicated  by  ;  star  *)  and  missed.  Underlined  dates  are 
those  whir r.  gave  proper  radio  signatures  but  wave  noc  confirmed  as  PCA  events;  for  example,  the 
14  Aug  60  event  with  peak  fluxes  of  1540  f.u.  at  9400  bMz,  14.'0  f.u.  at  3750  MHz,  775  f.u.  at 
2000  MHz,  630  f.u.  at  1000  MHz,  and  greater  than  2000  f.u.  at  200  MHz.  Aside  from  a  real  False 
Alarm,  it  may  well  be  that  instrumentation  and/or  coverage  for  the  PCA  detection  were  insufficient 
at  the  time.  Radio  burst  universal  times  for  tht3e  "should  be"  events  are  included  and  under¬ 
lined.  Half  of  the  missed  events  were  so  small  that  no  absorption  values  were  reported  for  these 
events.  The.  Castelli  criteria,  however,  was  designed  and  is  raeat  successful  for  principal  PCA 
events  where  the  absorption  >2  dK.  Thus,  four  aitd  possibly  five  (9  hay  60  had  dB  listed  as  >1) 
of  the  eight  misses  would  not  have  been  considered  misses  of  principal  PCA  events.  Figure  1 
auimsrizes  the  results  of  the  test.  Effectively,  it  can  be  said  from  the  1960-1963  data  that 
16  of  the  20  PCA  events  were  called  aad  confirmed  with  otuy  four  misses  and  five  false  alarms. 
Considering  that  the  instrumentation  for  radio  and  PCA  detection  have  increased  in  number  and 
effectiveness  since  that  time  period,  it  is  apparent  that  the  radio  burst  detection  of  PCA  events 
currently  offers  ope  of  the  most  successful  predictive  methods  indeed.  It  should,  therefore, 
play  a  major  role  ia  any  worldwide  PCA  forecast  scheme. 


INTEGRATED  RADIO  FLUXES 

In  addition  to  the  yes-no  PCA  prediction  from  the  radio  spectra  of  bursts,  an  attempt  is 
made  to  use  the  accurate  quantitative  aspects  cf  these  bursts  to  give  an  indication  of  the  possible 
PCA  event  magnitude.  This  again  assumes  the  parallel  accelerations  of  electrons  which  emit  the 
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radio  energy  by  synchrotron  emission,  and  of  the  protons  responsible  for  the  polar  cap  absorption. 
One  would  expect  the  integrated  flux,  or  energy,  in  the  radio  burst  to  correlate  with  the  energy 
of  the  proton  event.  Webber  (1963)  shows  this  correlation  between  the  integrated  single  frequency 
10  cm  wavelength  flux  and  the  Integrated  proton  fluxes.  The  10  cm  burst  energy  study  has  been 
greatly  expanded  by  Lopez,  Bragg,  and  Modlsette  in  their  NASA  Program  Apollo  Working  Papers. 

With  the  availability  of  accurate  multi- frequency  radio  burst  recordings  from  the  AFCRL  Sagamore 
Hill  Radio  Observatory,  it  was  decided  by  APCRL  to  examine  integrated  fluxes,  but  on  a  multi¬ 
frequency  basis.  The  question  "How  did  the  bunt  energy  spectra  relate  to  the  magnitude  of  the 
PCA"  was  pursued.  Minute  by  minute  integrations  were  performed  on  a  number  of  events.  Six  of 
these  events  are  plotted  in  Figure  2.  Note  for  the  two  proton  flare  events  (23  May  67  —  11  dB 
abs.  and  28  Aug  66  —  4  dB  abs.)  the  distinct  Increase  in  energy  at  the  low  frequency  end  of  the 
spectrum.  That  this  increase  is  important  is  clearly  seen  when  one  looks  at  the  30  March  66 
event  for  comparison.  Although  the  March  event  is  the  second  most  energetic  event  plotted,  no 
low  frequency  energy  was  observed.  It  was  not  a  polar  cap  absorption  event.  Table  II,  Special 
Events,  shows  this  30  March  event  to  have  had  over  2000  flux  units  at  8800  MHz,  decreasing  to 
612  f.u.  at  606  MHz,  with  a  continual  drop  off  in  flux  at  the  low  frequency  end. 

One  event,  however,  that  had  a  drop  in  energy  at  the  low  frequency  end  and  yet  had  protons 
associated  with  it,  was  the  27  February  67  event.  The  presence  of  protons  was  not  detected  by 
earth  based  instruments  (PCA) ,  but  rather  by  satellite  sensors.  Faulikas  and  Blake  (1968)  report 
that  the  AT5-1  satellite  (6.6  earth  radii  out)  measured  a  peak  flux  in  the  21  -  70  MEV  range  of 
13.3  protons/cur/sec  for  this  event.  This  would  give  somewhat  less  than  1  dB  absorption  if  it 
were  a  PCA  event.  It,  therefore,  appears  that  high  energy  content  at  low  frequencies  is  an 
important  prerequisite  for  any  principal  PCA  event  with  large  absorption. 

Another  burst  of  interest  is  the  4  March  67  event  in  Figure  2  and  Table  XI.  This  radio 
event  had  very  high  peak  flux  values  with  the  proper  radio  signature.  At  605  MHz  the  pes<  flux 
was  9638  f.u.  It  was  not  a  PCA  event.  From  the  energy  standpoint  it  was  the  weakest  event 
plotted.  The  reason  being  that  the  bursts  were  of  short  time  duration,  lor  particle  events, 
then,  not  only  must  the  fluxes  be  high,  hut  the  duration  should  be  long  <.  nough  to  allow  a  build 
up  of  sufficient  energy.  As  a  point  of  interest  note  that  for  the  PCA  events  a  minimum  energy  is 
often  observed  in  the  10  cm  range.  More  cases  will  be  required  to  draw  firm  conclusions. 

To  expand  the  number  of  radio  events  for  examination  without  actually  having  to  Integrate 
minute  by  minute  the  multi-frequency  events,  the  approach  of  obtaining  Integrated  flux  by 
multiplying  the  burst  mean  flint  times  its  duration  times  2  was  used.  Exactly  the  same  answer 
should  result  if  the  mean  flux  values  are  accurate.  Figure  3  plots  the  actual  integ  '•'ed  burst 
flux  versus  the  value  obtained  by  the  Mean  Flux  Method.  The  frequency  2695  MHz  was  chosen  for 
this  plot  as  it  could  be  compared  with  results  from  the  accurate  OTTAWA  mean  values.  Exact 
correlations  would  fall  on  the  dashed  line.  Except  for  the  low  frequency  data  where  complicated 
burst  structure  makes  accurate  mean  flux  values  difficult  to  obtain,  one  sees  the  mean  flux 
values  can  bs  used  rather  well  in  place  of  the  integrated  flux. 

Using  the  Mean  Flux  Method,  the  energy  of  other  events  are  obtained  and  listed  in  Table  III. 
These  are  plotted  in  Figure  4  in  a  manner  such  that  any  relationship  of  energy  spectrum  as  a 
function  of  solar  flare  East-West  position  should  become  apparent.  Unfortunately,  no  particular 
characteristic  of  the  energy  spectra  labels  it  as  either  an  East  or  West  longitude  event.  The 
events  from  W87  through  E61  are  principal  PCA  events  with  greater  than  2  dB  absorption.  All 
events  after  the  2  Feb  67  (reading  left  to  right  and  downward)  are  nonprotan  events.  Interest¬ 
ingly,  principal  PCA  events  have  their  burst  energies  in  the  10~^  to  10"15  Joules/m2/Hz  range, 
except  for  the  weak  2  Feb  67  event,  and  the  strong  23  Kay  67  and  28  Aug  66  events.  Dashed 
spectra  indicate  coordinate  changes  of  the  enexgy  values.  The  unusually  high  energy  of  the 
23  May  67  may  well  be  attributed  to  the  fact  that  three  major  solar  flares.  Imp  2B,  3B,  and 
2B,  occurred  during  this  event.  Each  flare  could  have  pumped  additional  particles  into  the 
event.  On  the  other  hand,  the  weak  2  Feb  67  PCA  event  which  jas  assigned  the  parent  flare 
position  of  E61  (Mas ley,  1967)  may  in  fact  not  have  been  associated  with, this  flare  and  its 
radio  burst.  There  now  seems  to  be  reasonable  question  of  this  association.  The  proton  event 
may  well  have  originated  from  a  behind- the-limb  active  flare  region.  No  radio  event  would, 
therefore,  have  been  detected.  The  integrated  burst  spectra  illustrated  for  this  event  may 
thus  have  been  from  an  insignificant  flare  not  associated  with  the  2  Feb  67  PCA  event. 

SOLAR  LONGITUDINAL  POSITION  OF  PCA  EVENTS 


The  solar  heliographic  longitude  of  the  PCA  flare  producing  centers  for  1966  through  1968 
were  examined  after  the  methods  of  Warwick  (1965),  Wilcox  and  Schatten  (1967),  Haurwitz  (1968) 
and  Dodson  and  Hedeman  (1968).  Haurwitz  suggests  the  rotation  period  of  27^.213  as  being  the 
significant  period  for  longitudinal  grouping  of  events .  However,  it  was  possible  to  use  the 
more  convenient  Carrington  System  because  of  our  short  data  period  without  introducing  signi¬ 
ficant  errors.  The  results  are  shown  in  Figure  5.  We  see  Indeed  a  grouping  of  PCA  events  with 
greater  than  2  dB  absorption  in  the  heliographic  longitude  range  160°  -  260°.  This  is  in  agree¬ 
ment  with  what  Dodson  and  Hedeman  proposed  as  an  apparent  concentration  for  1962-1966  data.  They 
give  the  primary  zone  of  concentration  with  the  Carrington  longitudes  of  ~160°  -  230°,  and  a 
secondary  zone  from  320°  -  50°.  The  11.5  dB  PCA  event  of  18  Nov  1968  falls  in  this  seconary 
zone  at  346°  in  Figure  5.  However,  the  2  Dec  68  event  with  4.7  dp  at  longitude  348°  is  presently 
under  investigation  as  another  possible  behind  'the-limb  event.  Study  of  possible  behind -the -limb 
originated  events  is  of  vital  importance  for  PCA  forecasting.  It  is  suggested  that  past  PCA 
evertes  be  reevaluated  in  this  light. 


TOTAL  RADIO  ENERGY  OP  SPECTRAL  E’JRST  EVENT 

To  further  investigate  the  energy  characteristics  of  solar  radio  our ate  the  energy  spectra  of 
these  bursts  were  integrated  over  a  broad  frequency  rar  ,e  (500  -  8500  MHz)  to  obtain  tbt  total.  ..a 
radlo  energy  in  the  burst  event.  These  results  are  given  in  Table  III.  Of  the  events,  only  three; 
that  had  PC A  Association  were  obtained  by  true  flux  integration,  the  others  being  obtained  by  the 
Mean  Flux  Method.  These  three  events  with  their  total  energies  are  compared  with  the  peak  particle 
fluxe'j  of  their  PCA's; 

Radio  Event  Total  Energy  Peak  Particle  Flux 

23  May  1967  1430  x  10*7  joules/m2  1936  p/cm2/ see 

28  May  1966  41  x  10"7  joules/m2  256 

27  Feb  1967  7  x  10*7  joules/m2  13 

Increased  particle  flux  for  increased  radi >  energy  can  be  seen  in  our  results. 

Throughout  our  correlative  studies  use  has  been  made  of  the  peak  particle  fluxes,  rather 
than  the  Integrated  particle  fluxes  used  for  example  by  Webber  (1963) .  This  was  done  at  the 
suggestion  of  Smart  (1969)  who  states  "that  the  amplitude  of  the  particle  flux  is  best  indicated 
by  the  peak  flux  at  the  earth;  whereas,  the  integrated  particle  flux  is  a  product  of  the 
diffusion  rate  in  interplanetary  space,  with  the  latter  being  quite  variable  from  one  event 
to  the  other." 

The  total  energies  of  sixteen  burst  events  in  the  500-8500  MBs  range  are  listed  in  Table  III. 
These  values  are  plotted  as  a  function  of  the  magnitude  of  the  associated  PCA  In  dB  Absorption 
(30  MHz),  see  Figure  6.  The  radio  events  were  also  subgrouped  in  the  figure  according  to  the 
longitude  intervals  of  the  parent  fere  positions;  l.e.,  WEST  longitudes  (30W  -  90w£)),  CENTRAL 
longitudes  (30E  -  3OW0),  and  EAST  longitudes  (30E  -  902  (J) .  East  longitude  events  tend  to  have 
small  absorptions  over  a  wide  range  of  total  energies  of  Che  radio  bursts.  Central  longitude 
events  show  little  association.  West  longitude  events,  however,  show  a  distinct  alignment.  Events 
occurring  in  the  30W  -  90W  longitude  zone  can  hove  a  large  variation  in  magnitude  of  the  PCA  even 
though  their  total  radio  energy  varies  only  within  a  factor  of  two.  While  only  a  few  samples  are 
used,  there  appears  to  be  a  radio  energy  limiting  effect  for  West  longitude  (30W  -  90W)  events. 

The  word  limiting  is  used  in  the  sense  that  East  longitude  (9QE  -  30E)  events  bad  large  variations 
in  total  radio  energy  whereas  the  West  events  had  near  constant  energy,  almost  as  though  the 
energy  in  increasing  had  reached  a  maximum  value  which  it  did  not  exceed.  Asymmetry  in  the 
intense  magnetic  fields  of  the  leading  and  trailing  sunspots  associated  with  the  proton  flare 
could  cause  East  sector  radiation  to  propagate  through  one  magnetic  configuration  and  through 
a  different  magnetic  configuration  for  West  sector  radiation.  This  latter  configuration  may 
impede  the  radio  energy  expenditure  to  a  limiting  value.  The  PCA  magnitude  could  also  be  effected 
by  the  magnetic  field  control  of  the  protons,  however,  it  is  more  likely  that  this  variation  is  the 
result  of  interplanetary  propagation  and  magnetospheric  coupling  factors.  For  a  true  quantitative 
prediction  of  PCA  events  the  sum  total  of  all  these  factors  just  be  taken  into  account. 

CONCLUSIONS 

1)  The  Castelli  and  Aarons  multi-frequency  radio  signature  criterion  for  predicting  PCA 
events  has  a  high  degree  of  success  (16  of  20  PCA  events  called  and  confirmed  in  the  test  sample 
of  1960-1963  Nagoya  radio  data) , 

2)  Large  PCA  events  tend  to  have  high  radio  burst  energies  present  in  the  low  frequency  end 
(200  -  600  MH2)  of  the  burst  event. 

3)  Twice  the  Mean  Flux  x  the  Duration  of  the  radio  burst  gives  a  practical  approximation  to 
the  integrated  flux  (energy)  of  the  event. 

4)  For  most  principal  PCA  events,  the  energy  spectra  of  yadio  bursts  in  the  1000  -  13,000 
Ifflz  range  falls  in  the  energy  range  of  10"*^  to  10-^'  Joules/mz/Hz. 

5)  In  addition  to  high  peak  flux  values  of  the  radio  bursts,  sufficiently  long  durations 
are  necessary  to  give  the  necessary  energies  usually  found  for  the  association  with  a a  important 
PCA. 

6)  There  is  a  grouping  of  the  1966-1968  PCA  events  with  dB  >  2  in  the  solar  heliographic 
longitude  range  from  160°  -  230°. 

7)  No  unique  spectral  energy  characteristic  was  found  as  a  function  of  East-Wear  nolar 
longitude  of  the  burst  event. 

8)  The  total  radio  energy  of  burst  events  from  503-8500  MHz  can  be  high  or  low  for  East 
longitude  (30E  -  90E)  events,  however,  the  magnitude  of  the  PCA  will  still  be  small. 

9)  West  longitude  (30W  -  90W)  originated  PCA  events  have  absorption  values  that  appear 
to  be  independent  of  the  total  radio  energy  of  the  event. 
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10)  Every  West  longlt  J  ’  .rst  associated  with  a  principal  PCA  event  had  a  total  radio 
energy  of  near  20  x  10"'  Joules/ e>c. 
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TABLE  I 

PCA  PREDICTIONS  USING  NAGOYA  BURST  DATA  (1960-63) 


CALLED 

MISSED 

FLARE 

dD 

RADIO 

18  Feb  60 

. 

0053  U.T. 

29  Mar  60* 

3 

3  Apr  60 

- 

0306 

5  Apr  50* 

3-10 

23  Apr  60 

~0133 

3-5 

29  Apr  50 

~0209 

11 

9  May  60 

0704 

>  1  dB 

13  May  60* 

4-10 

20  Jun  60 

- 

0128 

27  Jutt  60* 

.'.mall 

29  Jun  60* 

small 

14  Auk  60 

- 

0515 

3  Sep  60* 

5-10 

4  Sep  60 

0003 

3-5 

26  Sep  60* 

>  1  dB 

11  Oct  60* 

>  1  dB 

11  Nov  60* 

small 

14  Nov  60* 

>10  db 

15  Nov  60* 

20  dB 

24  Jul  61 

-0450 

small 

21  Sep  61* 

3.3 

28  Feb  62 

- 

0647 

1  May  63* 

small 

9  Aug  63 

(822$Se) 

small 

15  May  63* 

small 

18  Sep  63 

<S2230Se) 

small 

20  Sep  6?* 

3.1  dB 

26  Sep  63* 

4.6  dB 

28  Oct  63 

0230 

small 

♦Called  and  Confirmed  as  PCA  Events 


PEAK 
PUT  VALUES 


TABLE  II 
SPECIAL  EVENTS 


FLUX 


(1  f.u.  =  1  X 

10'22w/m2/cps) 

(Joules/m2/Hs) 

30  March  SO 

8800  MHz 

2130.0  f.u. 

2.1 

X 

10- 13 

2695  MHz 

1550.0  f.n. 

2.7 

X 

io- 15 

1415  Ifflz 

1550.8  f.u. 

2.3 

X 

10*15 

606  MHz 

6L..0  f.u. 

0.8 

X 

10"15 

4  March  67 

8800  :sHz 

1330  f.u. 

C.8 

X 

10-17  ' 

4995  KHz 

975  f.u. 

1.2 

X 

10-17 

2695  M3z 

530  f.u. 

1.0 

X 

JO-17 

1415  MHz 

90  f.u. 

4.6 

X 

10*17 

606  KHz 

9638  f.u. 

7.3 

X 

10-17 

TOTAL  ENERGY 
(500  -  8500  KHz) 
(Joules/m^) 


92.0  x  10'7 


0.8  x  10~ 


FIARE  POS. 


dB  ABS. 


E47 


W69 
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TABU  til 

TOTAL  RADIO  ENERGY 
(500  -  8500  MHz  Range) 


DATE 

TOTAL  ENEPGY 
(1  x  10*7  jouf-a/ia2) 

TIME  OF1 
FLARE 

POSITION1 

FLARE 

dB  ABS 

18  Nov  58 

12.3 

1030E 

W07 

11.5 

2  Sep  66 

17.  i 

0538 

W55 

13.0 

1  Nov  68 

13.8 

2229 
(31  Oct) 

W50 

4.0 

7  Jul  66 

27.3 

0020 

W48 

2.1 

28  May  67 

15.7 

0525 

t?45 

3.0 

31  Oct  66 

16.5 

2339 
(30  Oct) 

V37 

5.5 

12  Jul  68 

3.3 

1341 

W21 

2.4 

9  Jun  68 

3.2 

0835 

W08 

5.7 

28  Aug  66 

40.72 

1522 

E04 

4.0 

23  May  67 

1430. 0Z 

1835 

E24 

11.0 

2  Feb  67 

0.2 

0152 

E61 

2.6 

4  Mar  67 

0.82 

17 153 

W693 

- 

27  Feb  67 

7.42 

16443 

E023 

.  4 

21  May  67 

3.72 

19193 

E393 

- 

30  Mar  66 

92. 02 

1244E3 

E473 

- 

6  Jul  68 

5.2 

09453 

E903 

- 

Notes:  1  PCA  flare  and  abs.  data  (Masley  and  Goedeke,  1967;  Masley,  1969) 

2  Energy  values  obtained  from  min/ min  integration  of  flux 

3  Flare  data  from  Solar-Geophysical  Data  Bulletin,  ESSA 

4  13.3  protons/cm2/sec  observed  at  ATS-1  (Faulikas  and  Blake,  1968) 


LOG  (INTEGRATED  RADIO  FLUX)  in  Joules/ m* / HZ 


W50  / 

I  MOV  ••  />> 


,-!7l - *— 

-I5r 

t  W37 


20  MAYO? 


V/ 


I5f  t 


/  *t5h  f  ZJ  MAY  67  I 


1  FE»  *? 


W48,/ 

/ 


7  JULS* 


17b  i 


4  MAM  07 


5 : 

E47 


l  / 


0.1  KMHZ  10  1000.1  1.0  100  O.i  1.0  10.0  0!  1.0  10.0  KMHZ 

Figure  4  RADIO  K3RST  SaE&Cif  SPECTRA  -  Xha  spectral  energy  values  obtained  by  the  Hscn  Flu* 
Method  are  plotted  for  a  number  of  1956-68  radio  event},  these  events  -ire  aligned 
from  left  to  right  sad  top  to  bottov.  in  declining  West  solar  longitudes  (of  their 
associated  tlcres).  The  first  eleven  events  fro*  W87  to  E61  are  associated  with 
principal  PC t.  events.  The  regaining  five  events  fro*  W69  to  E90  are  non  PCA  events. 

In  the  figure}  for  1  Nov  63  and  31  Oct  S8  the  two  curves  shot*  the  difference  between 
Manila  values  (dashed)  and  Nagoya  values  (solid).  Dashed  curves  for  the  28  Aug  66, 

23  May  67,  2  Feb  67  end  4  Mar  67  represent  a  change  .'.r  values  of  the  ordinate. 

Arrows  point  the  direction  of  change.  Ordinate  valuec  are  logarithmic  as  In 
Figure.  3. 
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RADIO  BURST  SPECTRA  ADD  THE  SHORT  TERM  PREDICTION  OF  SOLAR  PROTON  EVENTS 

by 

John  P.  Castelli  and  Jules  Aarons 

Air  Force  Cambridge  Research  Laboratories 
Bedford,  Massachusetts 


SUMMARY 


A  abort  range  prediction  scheme  designed  to  forecast  solar  proton  events  has  been  described 
in  earlier  papers.  It  depends  on  highly  accurate  measurements  of  solar  burst  flux  densities  at  a 
wide  range  of  frequencies.  The  success  of  the  technique,  now  used  by  the  Air  Weather  Service  in 
the  Solar  Forecasting  network,  is  examined  with  data  from  1966,  1967  and  1968.  The  "miss"  rate 
for  principal  FCA's  based  on  the  criteria  is  close  to  zero  if  we  discount  events  apparently 
associated  with  far  side  of  the  sun  flare-bursts.  While  some  radio  bursts  meeting  these 
criteria  are  "false  alarms",  the  rate  is  considerably  lower  than  with  any  other  short  tern 
prediction  method. 


RADIO  BURST  SPECTRA  AMD  THE  SHORT  TEEM  PXEDICCTOK  CT  SOLAR  VB0ICM  SVBR8 

John  P.  Castelli  and  Jules  Aarons* 

Air  Force  Cambridge  Research  Laboratories 
Bedford,  Massachusetts 

INTRODUCTION 

Prediction  scheme;  fall  into  long  and  short  term  categories.  Predictions  greater  thane - 
week  in  advance  of  actual  events  night  be  called  long  range.  The  probability  of  success  is  very 
poor  since  proton  regions  seem  to  evolve  rapidly  in  less  than  six  or  seven  day*.  Shorter  range 
predictions  make  use  of  the  observed  development  of  sptical  and  magnetic  features  of  vary  large 
complex  sunspot  groups  (Strickland,  1969).  Sometimes  the  appearance  of  an  active- dark  filament 
dividing  the  spot  group  provides  the  clue  that  a  proton  flare  is  likely  to  occur  in  this  region 
in  the  next  few  hours. 

Another  approach  suggested  is  to  utilize  the  apparent  temperature  of  tolar  centers  of 
activity  as  measured  by  pencil  beam  millimeter  wavelength  systems  vhire  the  gradients  of  the 
temperature  of  these  regions  are  used  to  predict  whether  flare  activity  will  or  will  not  taka 
place  in  this  center. 

The  short  range  approach  might  best  be  termed  an  after-the-fact  method.  One  technique 
currently  used  is  to  consider  the  combination  of  flare  importance  and  the  covering  of  the  spot's 
inner  darker  area  (umbra)  by  the  Jfe  flare  emission  as  a  forerunner  of  proton  emission  likely  to 
be  observed  within  a  few  minutes  to  a  few  hours.  Other  forecasting  schemes  employ  a  combination 
of  several  before  and  aftet-the-fact  criteria  including  the  TYPE  17  burst.  The  Type  TV  la 
basically  a  meter  and  dekamecer  featureless  type  of  emission  lasting  between  10  minutes  and 
several  hours. 

A  traditional  identifier  of  proton  emission  is  the  polar  cap  absorption  event  (PCA).  It  la 
necessary  to  make!  a  distinction  between  strong  and  weak  events.  Strong  or  principal  events  are 
defined  as  those  having  polar  region  absorption  of  371  (2  dB)  or  more  of  the  normal  cosmic  back¬ 
ground  energy  at  30  MEz.  Weak  events  are  all  those  with  less  than  2  dB  absorption.  Their  lower 
limits  can  hardly  be  defined  since  the  use  of  frequencies  below  30  MHz  and  other  propagation 
methods  of  measuring  the  effect  of  proton  flux  on  the  ionosphere  would  question  limits  of  solar 
proton  detectability. 

To  satisfy  requirements  in  coraaunlcatlona  and  space  programs,  the  ideal  after-the-fact 
prcdlc  ' 'a  of  strong  PCA's  uuat  accomplish  two  things.  First,  there  must  be  10QZ  success  in 
warning  of  important  proton  events  and  secondly,  warning  of  proton  events  which  apparently  do 
not  materialize,  "false  alarms",  must  be  kept  to  a  minimum. 

The  prediction  technique  now  in  use  by  the  Solar  Forecasting  Network  of  the  Air  Weather 
Service  of  the  USAF  utilizes  flux  density  values  of  discrete  frequency  rolar  radio  buret  obser¬ 
vations  in  the  meter  to  centimeter  wavelength  range.  The  use  of  certain  radio  criteria  and  high 
accuracy  peak  rlux  measurements  affords  almost  total  success  in  predicting  FCA's  ^  2  dB  from 
associated  flares  on  the  visible  hemisphere,  and  only  a  small  number  of  "false  alarms". 

THE  RADIO  CRITERIA 

In  predicting  principal  PCA's,  the  approach  utilizes  high  accuracy  peak  flux  data  at  discrete 
frequencies  between  100  and  10,000  MHz.  Withir.  the  Solar  Forecasting  Network,  both  the  Sagamore 
Hill  Radio  Observatory  and  the  Manila  Observatory  have  been  Instrumental  in  developing  equipment 
systems  and  methodology  over  a  period  of  years  to  achieve  high  accuracies  better  than  ±  10X  at 
all  frequencies.  Calibrations  involving  the  Cassiopeia  A  known  flux  density  and  the  apparent 
lunar  brightness  temperatures  provide  standard  signals  for  complete  system  calibration.  A  small 
group  of  observatories  throogteut  the  world  make  a  concerted  effort  to  maintain  high  absolute 
accuracy  in  their  measurements,  others  strive  for  good  internal  consistency  of  measurements 
(relative  accuracy). 

The  radio  criteria  for  the  prediction  of  a  principal  FCA  are  the  following: 

a.  Burst  flux  increase  has  a  value  exceeding  1000 flux  units  (10“^2  WM“^Hz“^)  in  the 
9000  KB*  rznge. 

b.  Flux  ainlsssa  is  observed  in  the  600-2000  MHz  range. 

c.  Flux  density  rises  in  the  low  frequency  direction. 

When  these  criteria  are  satisfied,  l.e.,  when  the  spectrum  of  the  burst  has  a  U-shape,  a 
proton  event  is  most  probable. 

*J.  Caatelll  ia  a  Research  Electronic  Engineer  in  the  Radio  Astronomy  Branch,  Ionospheric 
Physics  laboratory,  of  which  J.  Aarons  is  the  Chief  of  the  Radio  Astronomy  Branch. 


In  Figure  1,  the  spectre  of  principal  PCX's  for  1966,  1967,  end  1968  are  shown;  although 
incidental  details  In  fora  and  flux  density  levels  differ,  the  U-shape  Is  readily  apparent  and 
the  criteria  have  been  met. 

The  "miss"  rate  for  principal  PCX's  based  on  the  criteria  is  close  to  zero  if  we  discount 
•vents  apparently  associated  with  far  side  of  the  sun  flare-bursts  with  which  neither  centimeter 
radio  nor  optical  disciplines  can  cope.  However,  some  radio  bursts  meeting  these  criteria  are 
"false  alarms". 

VALIDITY  OF  APPROACH 

The  validity  of  after-the-fact  predictions  follows  from  the  variable  delay  time  between 
flare-burst  occurrences  end  the  beginning  of  the  absorption.  The  average  delay  is  about  fl'e 
hours  but  delays  may  be  as  short  as  20  minutes.  There  is  generally  a  considerable  delay  between 
first  onset  and  time  of  maximum  absorption  or  maxima  particle  flux  (Figure  2). 

PURE  igagr  ASSOCIATIOH  WITH  PCA'a:  The  Data; 

Principal  PCX's  for  the  years  1966-1968  are  shown  in  Table  1.  In  all  but  three  cases,  the 
PCX  would  have  been  predicted  by  a  D-shaped  spectrtm  fron  discrete  frequency  peak  flux  measure¬ 
ments.  In  two  of  the  three  cases  there  are  no  apparent  radio  correlations;  there  Is  strong 
evidence  that  the  parent  flares  and  proton  regions  were  on  the  invisible  hemisphere  of  tne  sun. 
This  is  almost  certain  in  the  case  of  the  January  28,  1967,  event  which  would  have  been  about 
64°  beyond  the  west  limb  at  the  time  of  the  proton  shower  (Dodson -Prince,  iS6S).  Since  proton 
regions  characteristically  produce  multiple  proton  flares  one  would  also  expect  that  the  event 
of  February  2,  1967,  came  from  the  same  region  five  days  later  but  now  68°  further  west.  A 
similar  line  of  reasoning  might  be  applied  to  the  December  3,  1968,  event.  However,  a  3N  flare 
located  at  H18,  E80  was  observed  at  2117  on  that  date.  The  time  of  day  was  such  that  no  stations 
operating  s.t  wavelengths  shorter  than  10  cm  were  in  a  position  to  observe  it.  Though  the  peak 
flux  was  only  270  units  at  2700  MHz,  it  is  possible  that  the  flux  near  9000  MHz  could  easily 

have  reach*  ■*  1000  units  if  the  spectrum  of  the  disturbance  were  similar  to  those  of  other  proton 

events  as  in  Figure  1.  X  spectral  index  greater  than  about  1.07  would  have  been  necessary.  The 
requirement  for  high  meter  wavelength  flux  was  net  with  8460  flux  units  r.t  184  MHz. 

The  events  of  the  period  following  the  buret  et  0948  on  July  6,  1968,  also  require  some 
clarification.  It  is  apparent  that  the  ATS-1  satellite  on  July  7  measured  a  proton  flux  increase 
which  could  only  have  been  related  to  the  above  activity  of  July  6.  The  event  at  1712  on  July  8 

with  a  spectrtm  similar  to  that  of  the  6th  in  the  range  up  to  about  9000  MHz  had  probably  more 

effect  on  the  ultimate  2.4  dB  absorption  recorded  several  days  later. 

During  the  period  between  October  30  and  Hovember  4,  1968,  proton  activity  was  extremely 
high  with  events  occurring  in  almost  daily  succession.  For  that  reason,  it  becomes  difficult 
to  isolate  the  contribution  of  discrete  events.  However,  it  appears  that  there  were  at  least 
two  principal  events  and  as  many  as  five  flare-burst  events  contributing  to  particle  enhancement. 
X  more  detailed  study  of  this  period  is  being  prepared. 

In  the  case  of  flare-burst  association  with  PSA's  occurring  between  1932  and  1963,  it  is 
difficult  to  thoroughly  test  the  prediction  criteria  because  of  inccsq>leteness  of  radio  data  in 
some  instances  end  lack  of  accuracy  in  others.  However,  73Z  of  the  48  principal  PCX's  had  burst 
fluxes  7  1000  units  somewhere  in  the  centimeter*  range  and  another  101  most  probably  had  flux 
exceeding  1000  units  based  on  available  information  (Castdii,  1968).  The  small  percentage 
completely  lacking  centimeter  buret  correlation  may  well  have  been  associated  with  invisible 
hemisphere  flares. 

The  criteria  may  also  be  applied  to  small  proton  events.  Table  II  lists  a  consensus  of 
probable  events  with  absorption  less  than  2.0  dB.  Where  an  associated  flare-burst  seems  likely, 
the  prediction  criteria  hold  up  well.  (There  iz  no  evidence  that  the  success  rate  with  smaller 
events  would  be  Improved  by  reducing  the  peak  flux  criterion  to  less  than  1000  flux  units  at 
3  cm  wavelength.)  About  half  of  the  events  would  have  been  predicted  using  the  criteria.  Half 
would  not  have  been  predicted  ea  there  exists  only  nebulous  correlation  or  none  at  all.  Some  of 
these  right  be  associated  with  smell  flares  and  radio  events  (Sekurai,  1967)  probably  of  fairly 
long  duration  while  perhaps  3  or  4  might  again  be  froc  far  side  flares.  Still  others  have  no 
apparent  flare-burst  association  and  may  appear  aa  low  energy  proton  events  only  from  directivity 
considerations  from  the  steady  streaming  of  regions  which  earlier  were  the  sources  of  proton 
events  (fan  et  el.,  1968).  These  "events"  like  fer-slde-of-the-sun  proton  events  are  not  pre¬ 
dictable  by  present  criteria.  In  only  one  case  would  the  criteria  have  led  to  an  erroneous  pre¬ 
diction  and  then  the  absorption  was  small  and  actually  ignored  by  a  number  of  researchers. 

FALSE  ALARMS 

There  is  strong  evidence  based  on  current  satellite  particle  monitors  that  some  of  the  false 
alarms  are  de  facto  proton  events  in  space  without  polar  cap  absorption,  an  earth  oriented  effect. 
The  absence  of  terrestrial  effects  may  be  due  to  the  interplanetary  field  directivity  between  the 
sun  and  earth.  It  is  not  entirely  deer,  however,  to  what  extent  the  location  of  a  proton  flare 
on  the  sun  influences  the  magnitude  of  particle  influx  at  the  earth.  It  is  clear  that  radio 
events  aeeting  the  D- shaped  spectral  criteria  tmj  be  associated  with  PCX's  of  less  than  2.0  dB 
*a  with  proton  "events"  based  on  satellite  observations  for  which  there  ere  no  apparent 


ii-3 


Figure  3  compares  the  cumber  of  meter  wavelength  Type  I V  events  with  centimeter  buret 
occurrence  foe  the  years  1966-1968  at  a  given  location  (Sagemore  Hill  Radio  Observatory,  Hamilton, 
Massachusetts).  It  is  apparent  that  the  use  of  the  Type  IV  criterion  as  generally  understood 
would  lead  to  an  Intolerable  number  of  false  alarms.  Even  rejecting  those  Type  IV's  with  no 
centimeter  burst  association  docs  not  improve  the  outlook  greatly.  It  can  be  shown  that  spectra 
rising  to  large  values  below  1000  MHz  with  low  flux  :in  the  9000  MHz  region  are  not  preferred  for 
proton  events.  Even  though  the.  flux  values  may  be  large  the  spectra  essentially  run  counter  to 
the  U-skape  shown  in  Figure  1.  The  final  box  In  Figure  3  Indicates  onl;  four  false  alarms  for 
three  years.  There  were  no  failures  to  "call"  PCA's  >2.0  dB.  Similar  statistics  could  be  worked 
out  on  a  world  wide  basij  if  complete  frequency  and  time  coverage  were  assured. 

In  simple  form  the  physics  of  tie  event  Is  as  follows: 

Both  the  acceleration  of  protons  to  velocities  adequate  to  escape  the  sun  and  centimeter 
radiation  take  place  in  the  lower  atmosphere  of  the  sun.  Associated  meter  wavelength  radiation 
is  probably  due  to  relativist tc  electrons  accompanying  the  flare  spiralling  in  the  coronal  magnetic 
field  (synchrotron  radiation) .  This  type  of  radiation  may  occur  apparently  without  proton  ernie- 
s ion  if  energies  in  the  lower  atmosphere  are  inadequate  to  accelerate  protons  to  escape  velocity. 

COWCLDSIOHS 


1.  After-the-fact  prediction  of  proton  events  is  valid. 

2.  The  PCA  absorption  is  «  useful  yes-no  indicator. 

3.  The  da- cm  peak  flux  U- shape  spectral  criterion  appears  to  be  close  to  perfect  for 
important  PCA's  with  visible  hemisphere  association. 

4.  Misses  from  far-side  events  will  occur;  these  cannot  be  predicted  with  present  criteria. 

5.  A  large  percentage  of  smaller  PCA's  will  be  predicted  using  present  criteria;  an  equal 
raber  of  vsak  proton  events  may  be  misled. 

6.  The  false  alarm  rate  will  not  be  improved  by  reduction  of  the  peak  flux  intensity 
criterion.  The  inability  to  associate  small  PCA's  with  flare-bursts  is  the  real  problem. 

7.  The  number  of  £a*ae  alarms  from  present  criteria  are  so  small  as  to  be  tolerable. 
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TABLE  1 

PCA's  1966-1968  WITH  ABSORPTIOBS  OffiATER  THAU  2.0  dB 


DATE 

APPROX.  MAX. 

TIME  FLARE -BURST 

FLARE 

IMPORTANCE 

POSITION 

ABSORPTION 

7  Jul  66 

0037  U.T. 

3B 

N24,  V45 

2.1  dB 

28  Aug  66 

1529 

4B 

K22,  E04 

4.0 

2  Sep  66 

0555 

3B 

N21,  W55 

13.0 

28  Jan  67 

★ 

7.0 

2-3Feb  67 

* 

2.6 

23  May  67 

1839 

3B 

K28,  E24 

11.0 

28  May  67 

0525 

3B 

H28,  W32 

3.) 

9  Jun  68 

0850 

3B 

S14,  U08 

5.  ’ 

9-lZJul  68 

■;i2  (8  Jul) 

0011 

3B 

3B 

H13,  E56 

S14,  H37 

2.4 

31  Oct  68 

5.5 

2  »ov  68 

0912  (1  Hot) 

2B 

S18,  W47 

4.0 

13  Hot  68 

1028 

IB 

N23,  H85 

8.5 

3  Dec  68 

2117  t 

3H 

H18,  E80 

4.7 

♦Probably  on  Invisible  Beal sphere  of  Sun 
-(Radio  spectra  Incomplete,  see  text 
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XABUi  2 

PCA'a  1966-1968  WITH  30  MH2  ABSORPTIONS  IE3S  TEAH  2.0  dB 


DATE 

FLARE-BURST 
MAX.  TIME 

FLAKE 

IMPORTANCE 

POSITION 

ABSORPTION 

WOOZK 

PREDICT 

HO 

PREDICT  0« 

24  Mar  66 

0238  U.T. 

3B 

N18,  W37 

1.6 

X 

5-7Feb  u7 

Unknown 

1.6 

X 

13  Feb  67 

1746  U.T. 

4B 

N22,  W10 

0.5 

PREDICTED 
NO  PSA 

27  Feb  67 

1649  U.T. 

2B 

N27,  E02 

0.5 

X 

11  Mar  67 

Unknown* 

1.3 

X 

23  Mar  67 

0025  U.T.(22Mar) 

3B 

N25,  E70 

0.9 

X 

5-6Jun  6/ 

Unknown* 

1.1 

X 

2  Hov  67 

9858  U.T. 

1-2B 

S18,  E00 

0.5 

X 

12  Nov  67 

Unknown 

X 

3  tec  67 

Unknown* 

1<8 

X 

16  Dec  67 

Unknown 

0.8 

X 

11  Jan  68 

1700  U.T. 

2B 

S25,  W38 

X 

8  Feb  68 

Unkanm 

X 

26  Apr  be 
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Figure  1  Peak  flux  spectra  of  solar  radio  bursts  associated  with  PCA’s  22.0  dB  at  30  MHz  - 

1966-1968.  Radio  maxima  are  generally  observed  within  a  few  minutes  of  each  other 
and  associated  flare  maxima.  Flux  values  are  based  on  published  data  from  many 
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Distribution  of  principal  PCA’s  Q>2  dB)  1952-1962  {Bailey  1964).  Mean  delay  flare 
start  to  fl at  max.  (24  shown  by  broken  line.  Mean  delay  flare  start  to 
POL  onset  4  hours.  Mean  delay  PCA  onset  to  ass.  18  hours. 
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Figure  3  Meter  wavelength  Type  IV  events  occurring  during  Sagamore  Hill  Observatory  patrol 

hours  1966-1968  and  distribution  of  those  associated  with  cm.  bursts  of  different 
spectra  and  with  PCA's. 
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Although  several  theories  have  been  proposed,  we  still  do  not  understand  aolar  flares, 
nor  do  we  understand  how  the  solar  energy  propagates  into  the  Earth' s  magnetosphere. 

Because  of  ignorance  of  the  physical  mechanisms,  attempts  to  develop  methods  of  predicting 
geomagnetic  disturbance  have  usually  involved  co-relation  studies  employing  some  of  the 
phenomena  which  are  associated  with  solai  flares  and  geomagnetic  storms.  It  has  been 
known  for  decades  that  seme  geomagnetic  storms  occur  several  days  after  large  solar  flares, 
bat  that  in  other  cases  storms  will  recur  for  several  solar  rotations  without  the  recurrence 
of  major  flares.  The  unequivocal  separation  of  flare-associated  storms  from  recurring 
storms  first  became  possible  with  the  launching  of  the  Mariner  Space  Probes.  The  first 
r;_  iace  probe  which  has  been  in  a  convenient  position  for  predicting  recurring  storms  is 
Pioneer  7.  Even  with  Pioneer  7  available,  serious  predictive  problems  remain,  because  the 
energy  spectra  of  solar  emissions  can  vary  greatly  from  storm  to  storm  and  not  all  pre¬ 
cursors  are  invariably  present.  In  this  paper,  the  predictive  value  of  several  newly 
available  tools  is  evaluated:  Necgeteuar  ac<!  Snyder’ 3  study  of  the  solar  wind  speed, 

Ctktelli  et  al.'s  study  of  rCA  spectra,  Anderson  and  Lin’s  study  of  energetic  electrons, 
Fairfield's  study  of  the  interplanetary  field  direction,  and  Bailiff  et  al.’s  study  of  the 
perpendicular  fluctuations  of  the  interplanetary  field.  The  measurements  described  in 
the  above  studies  are  introduced  in  the  present  investigation  into  a  mathematical  formula¬ 
tion  to  predict  the  contributions  to  geomagnetic  disturbance  of  persistent  streams  and 
flare-essociated  streams  of  solar  plasma.  Simulated  numerical  predictions  of  Ap  using 
various  combinations  of  the  precursors  are  compared  with  the  measured  values  of  Ap  . 


X.  XRTKODOCTIOR 


Daring  geomagnetic  acorwr,  the  air  drag  oc  artificial  aatallitaa  increases,  and  radio  aad  radar 
transmissions  at  high  latitudes  are  inpaired.  There  hare  been  water  attempts  to  dsvslop  reliable  - 
techniques  of  predicting  magnetic  atoraa  in  order  to  improve  aateXXite  orbital  prediction#  aad  . 
arctic  radio  propagation;  but  non#  of  thaee  attempts  haa  been  completely  aucceoaful,  for  ssrverel 
reaaonat 

1.  Hone  of  the  precursors  it?  wholly  reliable. 

2.  Soae  of  the  preearaora  are  monitored  Cot  only  a  fraction  of  the  day. 

3.  Until  the  launching  of  Pioneer  VII,  there  wan  no  practical  way  of  monitoring  the  loeg- 

llved  tongues  of  enhanced  plaana  which  apparently  cenae  the  recurring  type  of  geomagnetic 
atom.  _  z  _ 

The  atudy  described  in  the  present  paper  utilised  Pioneer  VII  date  and  several  other  precursors 
in  an  attempt  to  overcoae  the  linltationa  enumerated  above  in  predicting  the  negoetlc  activity, 
index  EK  .  The  paper  begins  with  a  discussion  of  the  kinds  of  data  considered  for  use.  The 
predicciSn  equations  ara  next  exp Jain id,  and  a  graphical  praaantation  of  tha  predictions  in  given. 
The  uncertainties  in  thsse  s isolated  pradlctlona  are  discussed,  aad  suggestions  are  node  for  future 
research. 


2.  DATA 

The  following  data  were  considered  for  use  in  the  prediction  f omuls  for  EC  t 

P 

1.  Solar  wind  speed 

2.  10  ea  solar  radio  noise  bursts 

3.  Sodden  ionospheric  disturbance* 

4.  Outstanding  x-ray  events 

3.  PCA  events 

6.  Solar  flares 

7.  Interplanetary  field  variations 

8.  Electron  events 

9.  Sunspot  areas  in  squat oris 1  sons  of  sun 
X0.  Biufron-monitor  measurements 

11.  Magnetic  crochets 

Data  items  1,  5,  7  and  9  ware  chosen  because  they  had  previously  been  individually  correlated  with 
K  or  A  by  Snyder  at  el.  (1),  hoe  (2),  Ballif  et  el.  (3),  end  Snsvyabav  (4),  respectively. 

The  redlining  ltees  ere  ell  associated  with  geomagnetic  activity  and  w era  thought  to  be  readily 
available.  The  first  five  data  items  are  used  in  the  final  prediction  formula  aad  will  he  dis¬ 
cussed  in  the  following  section.  The  last  six  were  rejected  for  e  variety  of  reasons;  The 
solar  flare  data,  published  in  Solar-Geophysical  Pete  (5)  were  found  to  be  too  qualitative. 
Incomplete,  and  unwieldy  for  the  present  purposes.  Ballif  et  el,  (6)  found  that  the  correlation 
between  K  and  interplanetary  field  variations  is  greatly  reduced  whan  ths  satellite  taking  tha 
measurement*  is  mora  than  a  few  degrees  of  heliocentric  angle  from  the  earth.  Thaa,  each  date 
would  probably  not  be  useful  for  two-day  predictions.  The  prompt  fluxes  of  electrons  with 
enargles  greater  than  40  Key  fro*  solar  flare  electron  events,  obtalnsd  from  Andersen  (7),  were 
compared  with  K  .  There  was  a  good  correlation  with  K  two  or  three  days  later.  Frsspt  electron 
date  were  not  used  in  ths  simulated  predictions  because  they  are  not  yot  available  for  1968; 
however,  if  they  were  available  in  reel  time,  they  would  he  useful  for  predictions.  Gnevyahev 
(4)  shows  a  long-tern  correlation  between  A  and  sunspot  arass  in  the  equatorial  region  of  the  eon. 
However,  analysis  of  300  sunspot  photograph!  supplied  by  Lt,  la belle  of  the  USAF  Solar  Observatory 
at  Van  Borman  keservoir  (near  Los  Angeles)  did  not  reveal  any  significant  day-to-day  or  momth-to- 
nonth  correlation.  Data  items  10  end  11  were  not  used  because  of  Incompleteness. 

RRW3GT7CK  OF  DATA 

Thu  prediction  formula, 

K(t)  -  tyt)  +  Ky(t)  ,  (1) 

where  K  in  the  predicted  value  of  ZK  reflects  two  cp pa  rent  contributions  to  the  geomagnetic 
index;  I,  la  the  eentricuiion  doe  toplo£ig- lived,  active  regions  cn  ths  suu,  and  K_  is  that  due  to 
flero-aaroclated  burst  phanomxu. 

The  basic  data  to  be  used  iu  the  prediction  forma If.  are  the  eolar  wind  speed  measurements  mads  by 
the  Fioneer  VII  satellite.  This  data  has  been  published  in  Solar-Geophysical  Date  (5)  since 
December,  1967.  Fioneer  VII  orbits  the  sun  in  s  position  such  that  it  sees  a  particular  meridian 
of  thn  sun  r  days  sooner  then  the  solar  rotation  causes  the  earth  to  see  this  same  seri  f  Ian  (see 
Figure  1).  Bence,  firac-rtdsr  predictions,  using  only  solar  wind  e,*ad  data,  can  be  mads  r  days  ia 
advance,  Snyder  et  el.  (1)  showed  a  good  correlation  between  EK  end  the  aolcr  wind  speed  V  iron 
Mariner  27  data  according  to  the  formula  ? 

U  -  &.4EK  +  330  ke/se,  . 

P 


la  the  protest  study  the  prallaisary  (siwU,  patterned  altar  that  of  Sojdir  at  al. ,  la 


0-10  K*  +  300  ka/aee  ,  (2) 

than  V  la  v.N*  prelininery  pradlctioa  of  IS  and  0  la  tha  solar  wind  speed  as  measured  by  Pioneer 
VII.  Xn  appl' lag  tha  Equation  2,  tha  0  data'svst  ha  eo>rotatad  such  that  0  on  *  curtain  day 
prediets  DC  at  tha  aarth  t  days  la tar. 

If  r  wars  eqcsl  to  sero,  thara  would  ha  ao  Bead  to  separata  tha  active  regloa  aad  flars- 
aaaodatad  eeatrlbutloos  to  DC  ,  sines  0  la  assuasd  to  raflact  all  magnetic  activity.  Of  course. 

In  this  eaas,  Equation  2  wouldpno  longer  ha  a  prediction,  because  t  la  oc  tha  order  of  days, 
however,  tha  pradlctioa  formula  nay  ha  improved  by  considering  tha  two  contributions  separately;  the 
flare-associated  contributions  to  DC  free  a  particular  event  are  added  to  K*  at  tha  tine  of  the 
aunt,  since  tha  data  warn  taken  t  days  before  tbs  event,  aad  are  subtracted  froa  it  t  days  later. 

Thus,  the  final  prediction  fornule  In  terns  of  K*  la 

K(t)  -  pC'(t  -  t)  -  Sygtt  -  t>!  +  1,(0  ,  (3) 

where  the  bracketed  tern  repreeents  lL,(t) ,  and  K_s  represents  f  1 are— associated  contributions  at  the 
satellite.  Implicit  la  equation  3  la™ the  assumption  that  the  flare-associated  events  recorded  at 
the  etrth  effect  both  the  satellite  aad  the  earth  slaeltaneoualy  aad  la  the  *awe  mamr. 

the  flare-associated  events  used  as  precursors  of  geomagnetic  activity  la  the  present  prediction 
a  chaws  are  it ewe  2-5  listed  In  Section  2.  The  10  at  solar  radio  flux  neasurewents  are  obtained 
fron  the  S  eg  swore  Hill  Observatory  of  the  Air  Tores  Cambridge  Is  search  Laboratories.  These  data 
are  taken  continuously  during  daylight  hours.  The  sun  of  tha  naan  flux  densities  of  each  day's 
borate  la  the  paraaster  used  In  the  predictions.  Of  the  sudden  Ionospheric  disturbances,  the 
uudden  phase  aneiaUsn  are  the  chosen  parana ter  because  of  the  worldwide  distribution  of  SPA 
observations.  These  data  ere  published  In  Solar-Ceopcyalcal  Pete  (5).  The  reported  degrees  of 
pbasa  shift  an  all  assigned  »•  positive  sign  and  than  sunned  for  each  day,  Tha  outstanding 
x-ray  events,  published  in  the  sane  balletic,  an  aaarared  by  nattUlt*.  Tha  IA  to  20A  fluxes 
an  eunwad  for  each  day.  Tha  polar  cap  absorption  (PCA)  events  an  recorded  at  the  MCDoaaell 
Douglas  Astronautics  Coapany'a  geophysical  observatories  in  the  Aretl  .  and  Antarctic. 

To  obtain  K__(t  -  t)  and  K_(t)  fron  tha  precursor  data,  the  raw  data  an  reduced  by  appropriate 
scaling  factors  which  taka  into  consideration  tha  solar  longitude  of  tha  flan  associated  with 
a  particular  precursor  and  the  tins  delay  between  precursors  and  geonagvetlc  stores.  Tha  reduced 
data  an  than  non-Hnaarly  converted  to  DC  units.  (See  Inference  8  for  details-) 
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A,  DISCUS SIC*  OT  EESOLTS 

glaciated  predictions  o*  DC  for  1268  wade  by  the  above  nethod  ace  conpared  with  the  actual  values 
of  DC  In  Figure  2.  The  solid  line  represents  DC  .  The  dashed  line  represents  I',  the  predictions 
beeed"on  the  co-rotated  solar  wind  neasm.  emote  alone.  The  dotted  line  repressnta  K,  the 
predictions  based  on  both  solar  wind  neaourswsnta  aad  f lore-suuioclateJt  events,  using  Equation  3. 

A  solid  triangle  Is  placed  on  the  tine  seals  every  27  days,  hat  than  is  not  nueh  evidence  of 
27-day  recurrence  is  times  date,  indicating  the  probability  of  rapidly  evolving  tongues  of  plaawa. 

Than  la  little  difference  betimes  the  daehed  end  dotted  Unas  is  Figure  2,  except  during  the 
active  period  near  the  beginning  of  Sovsaber.  This  ns an*  Chat  flare-associated  events  nade  e 
negligible  contribution  to  the  computed  K  during  qfict  ties*,  so  enacted. 

Sene  of  the  anallsr  geonagnedc  atoms  which  appear  use  to  be  f l*re- associated  n ay  actually  ha 
aaeoclated  with  flans  which  did  not  product  enough  penetrating  solar  radiation  to  affact 
rlonst an  (*0.5  db),  y^i  wight  bars  oe an  observable  with  iJuosoude*  at  polar  stations  (9),  or  by 
forward  scatter  (10).  t  starch  for  swell  PCA.'s,  uslag  lonosoode  aad  forward  scatter  data  for 
1968,  would  ha  desirable  whan  such  date  bacons  available.  In  an  earlier  study  (2),  It  wee  shown 
that  eons  of  the  similar  s  tor  as  during  the  first  tlx  wostiu  of  the  ICT  were  pneeded  by  TCA'e 
which  wen  detected  by  ioeoeoades,  but  not  by  riaseters. 

To  eoapam  the  predicted  F.  to  the  preliminary  pradlctioa  l',  which  used  only  solar  wind  data, 
tha  naan  of  the  differences  between  to*  prediction  nod  the  actual  DC  for  five  ranges  of  DC  wan 
calculated  for  each  ease.  The  results  an  listed  helot*.  v  p 


HAKE 

#  SAHPU55 

|k*  -  ay 

IK  -  DC, 

0  S  O*  <  10 

30 

7.2 

7.4 

10  'S  DC  <  20 

140 

3.9 

6.5 

20  s  nc<  30 

107 

f.3 

9.4 

30  «  DC  <  *0 

27 

16.9 

16.5 

w£u; 

5 

23.0 

9.8 

Although  the  statistical  eenplee  an  aot  large,  the  figures  above  indicate  that  E  Is  o  laproveaent 
over  I'  for  large  values  of  B  hut  not  for  swell  valoes  of  XK  .  Keferrlng  to  71gure  2c,  it  is 
obvious  that  large  dlffonacee^hetweun  K  and  DC  occur  after  the  activity  la  Hcvewbsr  vhan  UC  la 
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mail  and  K  becomes  negative  due  to  large  values  of  K_  in  Equation  3.  If,  instead  of  assuming 
that  flare-associated  areata  recorded  at  the  eerth  afreet  ooth  the  satellite  and  the  earth 
simultaneously  aa  a  sort  of  expanding  plasma  shall,  it  la  assumed  that  geomagnetic  activity  is 
caused  only  by  tongues  of  plasju  ero lying  from  flere-produciug  regions  on  the  »«8}  j»  suggested- 
by  Sallif  and  Jones  (11),  then  the  failure  of  i.  as  *  prediction  after  the  activity  in  November 
is  explained.  That  is,  Ky*  cannot  be  calculated  from  precursor  events  obsoirvedat  theaartb; 
such  erants  must  be  obserrid  at  the  satellite.  An  alternative  explanation  is  that  thef lare- 
asacciatsd  events  observed  at  the  earth  can  be  used,  but  that  their  effects  'decrease  rapidly 
with  angular  distance  from  the  sun's  central  marldicn.  This  assumption  wee  mads  In  calculating 
the  modified  curve  for  November  in  Hgure  2c.  Unfortunately,  there  wars  no  other  largo  events 
in  1968  to  use  for  testing  the  original  end  modified  methods,  but  many  suitable  events  will  occur 
in  tha  next  few  years  as  gsonagnstle  disturbance  reaches  its  cyclical  peak. 

To  check  the  present  prediction  s chest,  the  atanderd  deviation  between  IK  and  the  annual  average 
of  the  same  (used  as  s  prediction  for  1968)  was  compared  with  the  standard  deviations  between 
IK  and  K,  and  IK  and  K* .  The  numbers  ware,  respectively,  8.6,  10.8,  end  10.5.  Surprisingly,  the 
annuel  average  tenths  best  prediction.  (Undoubtedly  this  would  not  be  the  esse  had  more  activity 
occurred.) 

The  conclusions  to  be  deduced  from  this  statistical  analysis  are  that  the  annual  average  ist  at  tha 
present  time,  better  than  any  of  the  mors  sophisticated  methods  of  predicting  K  employed  In 
this  paper,  (lore  research  on  tha  physical  nature  of  flare-associated  events  is  Bbviously  needed. 


5.  SUGGESTIONS  FOK  FUTURE  RESEARCH 

There  are  two  lines  along  which  future  research  could  profitably  he  conducted:  One  is  to  study  the 
use fulness  of  additional  precursors  in  tbs  prediction  of  flare-associated  magnetic  storms.  Soma 
cf  the  heat  precursors  are  not  yet  available  for  the  year  1958,  but  will  later  become  available. 
These  will  be  discussed  in  Section  5.1.  The  second  future  research  area  is  the  instrumentation 
and  evaluation  of  s  specs  probe  which  la  specifically  designed  to  aid  in  the  prediction  of 
geomagnetic  storms.  The  orbit  and  iasT.unsnta  which  would  be  desirable  for  such  s  research  project 
will  be  briefly  discussed  in  Section  5.2. 

5.1  FURTHER  STUDIES  IKVr.VXRG  FRECUESOKS 

Although  many  precursors  have  baas  utilised  in  tbo  present  study,  some  cf  the  precursors  used  had 
gaps  in  geographical  or  temporal  coverage.  For  example,  we  only  have  data  on  solar  radio  noisa 
bursts  from  North  America,  and  the  solar  x-rsys  could  not  he  seen  by  the  satellite  when  the  earth 
wea  between  it  and  tha  ana.  Other  promising  precursors  are  not  yet  available  for  the  year  1968. 
Among  tha  unavailable  data  are  polar  loooeonde,  HF  oblique- incidence,  polar  airglow,  and  prompt 
anargetlc  electron  measurements.  A  search  for  small  PCA’s  would  be  desirable,  using  polar 
ionosonde  (12)  ana  HF  oblique-incidence  measurements  (9,  10)  for  1968. 

To  facilitate  future  research,  sad  for  tha  Improvement  of  the  storm-predicting  networks,  it  would 
he  desirable  that  each  high-latitcda  rlonmter  have  an  ionosonde  near  it,  and  that  the  looosonde 
measurements  be  reduced  imsedtately.  (There  Is  an  ionosonde  four  miles  from  the  rloaeter  at 
Mdhrdo  Sound,  An  tart  ice,  bat  the  lonosoode  measurements  do  not  becooe  available  for  cevaral  years 
after  they  era  recorded.)  The  differences  in  absorption  between  day  and  night,  which  wars 
studied  by  Adeem  and  Has ley  (13),  should  be  studied  for  diagnostic  value,  because  the  energy 
spectrum  of  energetic  solar  particles  night  be  related  to  radio  propagation  and  magnetic  storms 
in  different  ways.  The  sector  structure  and  the  southward  pointing  field  component  may  affect  the 
interaction  between  eol.tr  plasma  and  tha  magnetosphere,  so  this  effect  should  be  looked  for  whan 
these  data  became  available  for  1968.  Correlated  studies  for  1968,  using  long  distance  HF  radio 
propagation  (9,  10)  and  7LF  phase  anomalies  (16),  could  be  quite  infotmatlvm,  especially  if  the 
energy  spectrum  revealed  by  diurnal  variations  observed  with  polar  riomsters  were  taken  into  account 

Some  additional  precursors  have  been  reported  in  recent  years;  Cast  el  11  and  Arons  have  r-^orted  that 
the  spectres  of  solar  radio  noise  burets  can  be  used  to  predict  geomagnetic  storms  (15).  Adkinson 
and  Hoffman  have  reported  that  half  of  the  magnetic  storms  which  occurred  between  April,  1965, 
end  Hay,  1966,  were  preceded  by  a  r tculier  transient  seen  in  the  geomagnetic  records  at  middle 
latitudes  (16). 

Mathews  st  el.  (17)  have  used  super  neutron  monitor  dote  st  — r.y  lor  lctitsic  stations  sro—>U  the 
world  to  study  the  anisotropy  of  For  bosh  decreases  and  "pre-decreases."  The  "pre-decrease"  may 
be  the  result  of  tha  turbulent  plasms  cloud  or  shock  front  scattering  cosmic  rays  away  from  the 
earth.  Tbssa  "pre-decreases"  are  sometimes  seen  at  certain  low-latitude  stations  before  a  storm's 
sudden  commencement.  Their  possible  predictive  value  should  be  investigated  when  tha  measurements 
for  19f9  become  available. 

Solar  wind  data  from  tha  Pioneer  and  Vela  satellite j  should  he  made  available  st  more  frequent 
intervals  than  the  three  or  four  swples  per  day  which  ara  being  published  in  1969.  (In  1968, 
only  one  measurement  per  day  from  Pioneer  6  and  7  was  published.)  Finer  time  resolution , 
particularly  on  Vela  data,  would  also  be  h  sinful,  especially  in  evaluating  the  correlation  between 
geomagnetic  storms  sad  changes  in  the  solar  wind  speed  which  has  bean  reported  by  Vankar.es on  and 
Sreenlvaaan  (18). 
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5.2  A  STACK  PROBE  FOR  USE  HI  PMBICTW,  £K 

T’ 

the  titbit  occupied  by  Che  Pioneer  VII  Spice  Probe,  which  le  illustrated  la  Figure  1,  li  ideal  for 
templing  the  long-lived  uoiar  screams  which  will  be  passing  over  Che  earth  several  day*  liter. 
Such  e  spec*  probe,  however,  rhould  be  equipped  with  instrunante  for  sen* log  store  precursor*  la 
order  that  the  flare- associated  contributions  to  IK  at  the  eatelilte  eight  be  more  accurately 
predicted,  sines  tbs  data  observed  at  the  earth  are'>l..«»pla ce ,  end  from  the  present  study  Ir 
appears  that  calculating  thaae  contributions  free  earth  observations  is  inaccurate. 

To x  detecting  the  solar  x-rays,  UV  radiation,  «nu  energetic  particles  that  -ire  produced  by  the 
tsajor  solar  flares  which  often  precede  geomagnetic  stores.  It  would  be  desirable  tor  the  space 
probe  to  he'  able  to  scan  the  sun  at  one  or  several  UV  or  s-rey  wavelength*.  Such  e  scanning 
system  bee  been  flown  on  OSO-*,  but  s  less  elaborate  system  would  be  satisfactory  for  predicting 
magnetic  a  torso.  Too  reason  that  it  is  important  to  scan  the  cun,  rather  than  merely  measuring 
that  total  solar  emission,  is  that  the  rssponss  at  the  earth  depend,  strongly  on  the  location  of 
tiie  solar  flare-producing  region* .  In  date  presently  available.  It  is  sometimes  impossible  to 
dstermlne  the  location  of  flarss  associated  with  UV  end  particulate  emissions. 
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ibstraot 

Knergetic  particle  a  (mainly  KeV  electrons)  make  an  iapertant  contribntion  to  the 

production  of  ionisation  in  the  high  latitude  ionosphere.  Studies  of  the  emissions  at  VI?, 

It  and  HP  associated  with  these  particles  are  essential  for  an  understanding  of  tbs  mechanisms 

and  morphology  of  precipitation  and  thus,  'eventually,  for  the  note  successful  prediction  of 

ionospheric  conditions  at  these  latitudes. 

The  VLF  experiment  on  the  satellite  Ariel  HI  (circular  orbit:  altitude  550  lot, 

inclination  80°)  was  designed  to  Mice  a  synoptic  study  of  VLF  phenomena  above  the  ionosphere. 

The  peak,  scan  and  minimum  signals  at  3.2,  9.6  and  16  kHs  are  measured  in  each  28  second 

period  (  *  2°)  around  the  orbit.  On-board  tape-recording  of  this  data  and  the  high  sensitivity 

(  s  10*  and  wide  dynamic  range  (75  dB)  of  the  receiver  neke  it  possible  to  delineate 

a  sons  of  emission  above  the  auroral  oval  in  both  hemispheres  at  all  magnetic  local  times. 

This  analysis  is  restricted  to  the  period  1967  May,  June,  July.  The  locations  of  the 

sones  of  emission  and  associated  particle  precipitation  in  the  north  and  south  polar  regions 

are  related  to  the  tilt  of  the  earth's  rotational  «**>*  towards  tbs  sun  in  the  northern 

hemisphere  suenar.  The  rone  maximum  is  displaced  to  lower  invariant  latitudes  with  increasing 

magnetic  disturbance  (K  ),  the  displacement  being  greatest  at  local  noon  and  least  at  local 
P  also 

midnight.  L*«tha  leeal  e^alng*Tbere  is^fa  decrease  in  the  relative  frequency  of  occurrence 

of  the  more  intense  emissions  (  >  65  dB  above  lO^V/Hs)  for  K  >  4. 

P 

i.  BrticftaeUvn 

Very  low  frequency  wide  bund  radio  noise,  known  as  'hiss',  is  generated  at  auroral 
latitudes  by  energetic  electrons,  as  has  been  established  from  simultaneous  observations  of 
energetic  electrons  and  VLF  radio  waves  on  the  satellite  Injun  3.  Garnett  and  O'Brien  (1964) 
and  Gurnett  (1966)  found  a  good  correlation  between  hiss  and  energetic  electrons  having  an 
exponential  folding  energy  (Bq)  of  between  3  and  4  KeV.  Jorgensen  (1968)  demonstrated  that 
the  intensity  and  broad  hand  spectrin  of  the  hiss  emission  could  be  explained  in  terms  of 
Cerenkov  radiation  from  low  energy  (KeV)  electrons.. 

Cerenkov  radiation  is  generated  by  a  charged  particle  moving  through  a  magnetoplaama  if 
the  component  of  its  longitudinal  velocity  in  the  wave  normal  direction  equals  the  phase 
velocity  of  the  wave.  Thus  Cerenkov  radiation  can  only  be  produced  at  frequencies  for  which 
the  refractive  index  is  greater  than  ons;  this  is  tbs  case  for  certain  modes  of  propagation 
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in  a  aagnetoplasma  and  includes  low  and  vary  low  frequency  radio  ways  propagation  in  tha  whiatlor 
mode  in  the  magnetosphere  and  ionosphere.  Jjfrgensen  (1968)  shoved.  for  exanq>le,  that  a  frequency 
of  10  k9s  any  be  generated  at  all  alt  it  tiles  vq>  to  25,000  ka,  while  1  >£z  can  only  be  generated 
up  to  1000  km;  this  altitude  limitation  is  determined  by  the  ambient  plasma  and  the  magnetic 
field  strength  such  that  for  Cerenkov  radiation  in  tha  dominant  whistler  aoda  tha  frequency 
lies  below  both  tha  plasma  frequency  and  tha  electron  gyro  frequency. 

An  interesting  feature  of  the  Cerenkov  aaohaniaa  is  than  tba  power  generated  is  inversely 
proportional  to  tha  square  root  of  the  particle  energy  ( McKenzie,  1963);  thus  it  is  lower 
energy*  electrons  that  are  expected  to  make  tba  greatest  contribution  at  VLF.  Since,  as  we 
descend  in  frequency,  the  Cerenkov  condition  is  satisfied  by  electrons  of  lower  energy  we 
might  expect  a  softer  electron  energy  spectra*  to  be  associated  with  a  'softer'  YLF  speotn*. 
Evidence  of  this  is  provided  by  the  enhanced  signals  at  3  .2  kHz  observed  in  tba  local  evening 
(Bullough  et  si,  1969a) .  Observations  of  auroral  electrons  n&da  on  tba  030-4  satellite 
(Hoffman  1968)  indicate  that  tha  flue  of  the  lower  energy  electrons  may  be  greatly  in  excess 
of  those  at  higher  energy?;  specific  illy  Hoffman  gives  exaaple3  of  electron  Humes  at  0.7  KS7 
which  erased  those  at  7.3  HeT  by  beti  ?  end  3  orders  of  magnitude. 

Frau  the  above,  vs  may  expect. the  observations  of  High  latitude  V£F  emissions,  made  on 
Ariel  3,  to  define  regions  of  low  energy  electron  fluxes;  the  proportion  of  these  electrons 
precipitating  into  tba  tpper  atmosphere  will  depend  on  tba  pitch  angle  distribution  and  tba  loss 
cons,  tba  wide  global  coverage  obtained  by  tha  storage  of  data  on  Ariel  3,  the  large 
inclination  orbit  (80°)  and  the  sensitivity  of  the  receiver  made  it  possible  to  define  regions 
of  VLF  emissions  at  all  magnetic  local  times.  Since  tha  whistler  mods  signals  propagate  along 
field  lines  (predominantly  duct  guiding)  the  7LF  observations  give  a  ratbar  precise  delineation, 
in  invariant  latitude,  of  the  associated  electron  precipitation. 

The  results  presented  in  this  paper  are  based  on  an  analysis  of  80  days  data  fruz  tba 
5th  May  1967;  in  this  period  complete  coverage  in  magnetic  local  time  was  obtained. 

2. 

The  Ariel  HI  satellite  was  launched  on  1967  May  5  into  a  low  altitude  (500-600  ka) 
orbit  of  high  inclination  (80°)  and  period  96  min.  By  means  of  &  VLF  receiver  with  loop 
aerial  measurements  of  tea  peak,  mean  and  minima  VU  magnetic  field  intensities  are  made  at 
three  frequencies  (3.2,  9.6,  16  kHz)  in  28  second  periods  ( *2°)  around  tba  orbit.  At  each 
frequency  there  is  a  wide-band  (Af  =  1  kHz)  channel;  at  16  kHz  there  is  also  a  narrower  band 
(&f  =  100  Hz)  channel.  Ifeasatremonts  were  stored  on  the  satellite  tape-recorder  and  world¬ 
wide  coverage  obtained.  The  receiver  sensitivity  is  approximately  lO^^y^/Sa*  A  detailed 
description  of  the  equipment  is  given  by  Bullough  et  al  (1968) . 
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An  outstanding  feature  of  this  experiment  is  that  ti»  essential  information  on  VLF  signal 
intensities  and  typ  of  signal  is  obtained  in  a  tors  which  facilitates  comparative  studies  with 
other  gecphyjiaal  disturbance  phenomena  such  as  particle  fluxoa,  the  visual  aurora,  magnetic 
LV-rss,  etc.  (see  e.g.  BuLlough  at  al  (I969s,b)). 

3.  Profile  of  the  high  latitude.  Mss  zone 

Examples  of  t  rave  rails  of  the  high  latitude  hiss  sons  are  given  by  Bui  lough  et  al  (1969a) . 

Fig.  (l)  is  reproduced  from  the  latter  paper  and  illustrates  four  traversals  of  the  zone  on  a 
revolution  passing  close  to  the  magnetic  poles.  The  zone  is  usually  sharply  defined  in  latitu¬ 
dinal  extent  with  a  fairly  flat  frequency  spectrum  and  at  zona  maximum  the  ratio  of  mean  to  minima 
signal  is  characteristically  less  than  3  dB  with  the  peak  signal  10  to  15  dB  higher.  1 ton  recent 
analysis  indicates  that  the  electron  huuts  observed  by  Hoffman  (1968)  on  the  high  latitude  aids 
of  the  auroral  oval  probably  have  their  analogue  in  the  increased  ratios  of  peak/mean  and  mear^ 
minimum  VLP  signals  on  the  high  latitude  side  of  the  hiss  zone . 

4.  General  morphology  of  the  emissions 

High  latitude  VLF  emissions  are  uommjnly  more  intense  in  the  evening  hours,  however  the 
sensitivity  of  the  Ariel  III  receive?  mode  it  possible  to  observe  emissions  at  all  magnetic  local 
tinea  and,  in  figures  2  and  3,  the  position  of  the  high  latitude  zone  is  mapped  in  invariant 

latitude  (A)  and  magnetic  local  tine.  The  invariant  latitude  is  defined  by 

cosA  =  L~5 

where  X.  is  Ifcllwains  L-paxa voter  and  is  derived  from  the  G.S.F.C.  (1964)  model  of  the  earth’s 
magnetic  field,  and  the  magnetic  local  time  ie  that  for  the  centred  dipole  approximation  to  the 
field.  In  these  figures  the  position  of  the  zone  ie  defined  as  the  position  of  the  maximum  signal 
level  from  the  16  kHz  mean  reading  circuit.  Analysis  has  been  restricted  to  sate 111 is  passes 
reaching  an  invariant  latitude  of  greater  than  73°  and,  in  this  section,  to  periods  when  the 
planetary  E-index  (K^)  was  equal  to  or  less  than  2+, 

Baf erring  to  figure  2  (northern  hemisphere)  it  may  be  noted  that  the  lowest  latitude  (ty) 
at  which  the  zone  maximum  was  observod  ia  markedly  dependant  on  magnetic  local  time.  At  noon 
Ay  =  75°,  while  oa  the  anti-solar  sida  of  the  earth  it  is  67°;  in  the  dawn-dusk  meridian  -*y  =  70°. 
This  general  distribution  is  consistent  with  the  view  that  auroral  hiss  is  generated  ty  particle,? 
which  some  from  the  tail  of  the  magnetosphere,  the  aayiawtry  being  due  to  field  lines  from  the  tail 
reaching  lower  latitudes  on  the  anti-solar  tide  of  the  earth.  The  VLF  emission  mens  in  the  northern 
hemisphere  is  almost  identical,  to  the  inner  so  so  of  high  latitude  disturbance  phenomena  identified 
by  Hartz  and  Brice  (19&7) . 

Figure  3  is  a  similar  plot  for  the  southern  hemisphere.  In  this  case  the  noon/ midnight 
anyone  try  ia  not  nearly  as  pronounced;  Ay  at  midnight  is  the  same  as  in  the  northern  hemisphere 
(67°)  hut  at  noon  la  70°  (compared  with  75°  in  the  north)  .  The  difference  he  twee’'-  the  hemispheres 
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My  be  attributed  to  th»  tilt  of  the  earth's  rotational  axis  around  which  its  magnetic  axis 
processes  on  a  oona  of  half  angle  11,5°.  During  the  period  of  thaae  observations  the  son  was 
in  the  northern  hemisphere  (declination  varying  froa  +16°  to  a  aaxlmua  of  +23C30'  and  bank  to 
+17°) »  Spreiter  and  Briggs  (1962)  predicted  for  theoretical  studies  that  the  affect  of  such  an 
asynatxy  would  be  to  shift  tbs  position  of  the  neutral  points  (these  define  ths  boundary,  on 
tbs  noon  naridian,  between  the  closed  lines  of  fores  and  those  that  enter  the  tail) .  In  the 
northern  hemisphere,  the  value  of  A^  (for  this  whole  three  aonth  period)  will  correspond  to  a 
solar  wind  in  a  direction  between  5°  end  12°  north  of  the  magnet io  dipole  equator  (solar 
declination  minus  11.5°).  Froa  Spreiter  and  Briggs  this  would  increase  the  megnotio  latitude 
of  the  northern  neutral  point  by  so  at*  1°  to  2°.  In  the  southern  hemisphere,  A  ^  will  correspond 
to  a  solai-  wind  direction  of  35°  (23.5°  ♦  11,5°)  north  of  the  nagnetic  equator  which,  acoording 
to  Spreiter  and  Briggs,  decreases  the  latitude  of  the  southern  neutral  point  by  4°.  This 
predicted  S-S  asyseetry  of  5C-6°  is  thus  in  good  agreement  with  the  observed  asymmetry  of  5°  • 

It  say  he  noted  (fro*  figures  2  and  3)  that  there  is  no  comparable  asyanetry  on  the  midnight 
and  dawn -chxk  raridiau. 

5.  attri&a  fiLaae  aariitoa  asi  algal  MsaafeuaSk  wastes,  jufag^saea  JU^> 

for  this  study,  periods  were  selected  which  gave  a  reasonable  range  of  Kp  values.  The  data 
ware  split  Into  the  four  aegaetio  local  tine  ranges,  00  ♦  03h,  12  ♦  Q8h,  06  ♦  03h,  18  ♦  03h. 

Bata  points  tor  both  northern  and  southern  beaispUres  are  shown  in  figure  4  with,  in  each  case, 
a  linear  least  squares  fit  (giving  the  invariant  latitude  of  the  aone  maxima  as  aftnebon  of  Kp) . 
This  analysis  shews  that  there  is  a  significant  displace  rent  of  the  wan  position  of  the  none 
maxinue  to  lower  latitude*  with  increasing  level  of  nagnetic  disturbance.  The  displacement 
(6A)  for  unit  increase  in  (deduced  frou  figure  4)  may  be  summarised  as  follows} 


*ETt*S3h) 

Afl.  f north) 

AAtagufth) 

DC00 

-  0.7° 

-  0.7° 

1200 

-  1.6° 

-  1.9° 

0600 

-  1.0° 

-  1.3° 

1800 

-1.0° 

-1.7° 

These  figures  nay  be  a  trifle  low,  particularly  at  local  noon,  since  the  relative 
proportion  of  data  points  obtained  decreases  progressively  for  invariant  latitudes  above  75° 
(see  first  paragraph  of  §4).  It  nay  be  noted  that  the  displacement  of  the  sons  maximum  at 
load  noon  is  significantly  greater  than  at  local  midnight. 

Ths  signal  intensity,  when  plotted  as  a  function  of  £p,  exhibits  considerable  scatter  with 
a  tenctesey  for  a  fall  in  the  relative  frequency  of  occurrence  of  the  more 
intense  emissions  (>  65  dB  above  10~1'Y2/H*)  when  K  exceeds  4.  This  behaviour  is  consistent 
With  that  of  other  high  latitude  disturbance  phenomena  such  as  the  radio  aurora  (Bnllongh  (1961I 
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whirs,  In  tbs  inner  was,  a  closo  correlation  with  tiw  local  K~index  and  an  anti-oorxmlatida 
with  tbe  K?  lade*  v?as  found.  Thus  radio-aurora?,  activity  obeervod  in  Terrs  Adblte  nu  found 
to  no vs  from  the  inner  to  tbs  outer  ssoaJ  with  iooraasing  K^*.  This  behaviour  is  In  accord 
with  aors  recant  studios  by  Krassovsky  (1968)  who  has  found  evidanoe  cf  an  antioorzslation 
betwasn  the  occurrence  cf  strong  aurora  and  of  a  strong  ring  currant  effect  in  a  geomagnetic 
store.  Stadias  of  the  more  detailed  temporal  and  spatial  (substorsi)  variations  in  tbe  so  dins 
and  latitude  emissions  during  magnetic  stones  are  in  progress  (Bullough  «t  al  (l9fi9b,o)) . 

A  significant  fbatura  of  high  latitude  hiss  is  a  well-defined  minima*  in  its  intensity 
at  0500  to  0600  MLT  such  that  the  maxima  observed  intensity  is  about  55  dB  above  10“1V/K* 
cohered  to  signal  intensities  which  nay  he  in  excess  of  70  dB  in  the  late  evening.  There  is  a 
related  variation  of  the  flux  and  energy  spectrum  of  KaV  electrons  around  the  auroral  oval 
(Harts  and  Brice  1967) .  Thus  the  wave  and  particle  observations  are  again  consistent  vith  the 
Cerenkov  hypothesis.  Tbe  fairly  well-defined  qpper  limit  to  the  VLF  signal  intensity,  which  is 
a  function  of  magnetic  local  time  around  the  aurorae  oval,  would  Imply  a  corresponding  upper 
limit  to  the  KeV  electron  flints s. 

As  acre  detailed  studies  of  the  above  features  continue  (Hughes  et  al  (1969))  the  need  for 
a  self-consistent  system  of  coordinates,  such  as  that  proposed  by  Kilfoyle  and  Jacka  (1968)  has 
become  increasingly  apparent.  This  is  especially  so  for  invariant  latitudes  in  excess  of  80° , 
where  the  conventional  "invariant  latitude/oognstie  local  time*  grid  for  presentation  and 
organisation  of  the  observations  is  no  longer  adequate.  This  is  because  the  "auroral  pole", 
which  lies  at  the  geometric  centre  of  the  Invariant  latitude  contours  is  displaced  about  3° 
and  5°  from  the  centred-dipole  geomagnetic  pole  in  the  northern  and  southern  polar  caps 
respectively. 

The  Ariel  III  observations  of  VLF  emissions  ars  yielding  a  great  deal  of  now  information 
on  tbe  morphology  of  disturbance  phenomena  at  high  latitudes.  Such  observations  are  essential 
to  an  understanding  of  the  aschanisaa  giving  rise  to  energetic  particles  at  both  high  and 
nedium  latitudes  which,  in  turn,  should  lead  to  a  better  prediction  of  particle  effects  in  the 
ionorphere . 

A  more  detailed  study  of  wave-particle  relationships  will  be  possible  on  the  134  satellite 
(launch  date!  1971  July)  which  will  cany  an  integrated  payload  consisting  of  ELF/VLP,  LF/6F 
and  particle  experiments  from  the  Universities  of  Sheffield,  Manchester  and  Iowa, 

*  It  should  be  noted  that  the  index  is  derived  from  observations  of  magnetic  disturbance 
at  stations  located  almost  entirely  **  — 'diua  latitudes. 
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ABSTRACT 


This  is  the  first  cf  a  series  of  three  papers  being  presented  to  demonstrate  a  new 
technique  for  predicting  Maximum  Osable  frequency  (MOP)  in  real  time. 

A  c caparison  of  MUP"  s  predicted  by  the  ESSA  PARLAY  computer  program  with  observations 
on  three  paths  in  the  northern  hemisphere  demonstrates  the  need  for  better  prediction 
methods.  Past  studies  have  shown  that  the  MUF  for  a  communication  path  can  be  predicted 
hy  tisin?  backscatter  soundings.  It  is  now  possible  to  generate  three-dimensional  maps 
of  ionospheric  parameters  from  measurements  of  the  remote  ionosphere  made  by  using  back¬ 
scatter  sounding  techniques.  Examples  of  maps  of  penetration  frequency,  layer  height, 
and  skip  distance  are  presented.  Use  of  a  map  generated  from  a  single  backscatter  sound¬ 
ing  station  to  predict  the  MUF*  s  for  a  number  of  differently  oriented  communication  paths 
is  explained. 
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USE  OF  BACKSCATTER  MEASUREMENTS  TO  UPHOVE 
HF  COMKUNICAT ION  PREDICTIONS 

by 

R.  R.  Bartholomew 
Stanford  Research  Institute 


This  paper  Is  the  first  of  three  being  presented  at  this  Meeting  to  describe  the  work  we  are 
doing  at  Stanford  Research  Institute  (SRI)  on  a  technique  for  obtaining  a  three-dimensional  up  of 
ionospheric  paraseters  in  real  tlae.  Such  a  up  can  be  used  to  predict  maximum  usable  frequency 
(MUF)  or  other  propagation  parauters . 

Let  me  begin  by  discussing  the  problee  of  long-term  statistical  predictions.  It  is  not  neces¬ 
sary  for  me  to  go  into  such  detail,  since  I  an  sure  nost  of  us  recognize  the  drawbacks  to  nonthly 
aedian  predictions.  However,  to  define  the  pro  lien  clearly,  let  us  look  at  ny  first  slide  (Fig.  1). 
This  slide  shows  a  comparison  of  naxlaun  observed  frequency  (MOF)  versus  the  predicted  MUF  on  a 
7500 -kn  east-west  path.  The  predictions  were  graphically  derived  froai  the  old  CRPL  nonthly  predic¬ 
tions.  Adnlttedly,  the  new  prediction  program,  PARLAY,  developed  by  Lucas  and  Haydon  at  ESSA,  is 
superior  to  the  old  one,  but  this  slide  serves  to  illustrate  the  problem  of  relying  on  nonthly 
medians.  Although,  for  this  particular  path,  the  medians  are  not  in  good  agreement,  let  us  ignore 
the  medians  for  now  and  observe  the  spread  of  individual  observations.  We  easily  see  how  great  the 
spread  is  from  day  to  day.  Other  comparisons  of  this  sort  show  similar  results,  even  when  the 
medians  are  in  fairly  good  agreement.  It  is  this  problem  of  the  large  day-to-day  variations  in 
propagation  conditions  that  needs  to  be  resolved.  Long-term  statistical  predictions  such  as  monthly 
medians  cannot  solve  this  problem.  Only  short-term  predictions,  and  ideally  real-time  monitoring  of 
the  ionosphere  with  real-time  predictions  of  propagation  conditions,  are  capable  of  solving  it. 

One  technique  that  has  been  proved  successful  is  CURTS.1  The  CURTS  system  operates  by  measuring, 
in  real  tine,  each  of  the  propagation  factors  determining  the  quality  of  a  circuit.  With  this  infor- 
satlon,  the  prediction  system  gives  a  quantitative  indication  of  how  well  a  circuit  should  perform. 
This  system  successfully  performed  on  a  network  in  the  Pacific.  CURTS  requires,  however,  that  there 
be  oblique-incidence  sounders  at  each  end  of  each  circuit  to  be  controlled.  What  do  we  do,  then, 
about  circuits  that  do  not  have  sounders  at  each  end  of  the  path?  We  think  we  have  a  solution  in 
the  form  of  a  technique  using  backacatter  sounding. 

Past  experiments  have  demonstrated  that  the  MUF  on  a  particular  path  can  be  predicted  by  using 
backacatter  measurements.3  This  technique  requires,  of  course,  that  a  backacatter  sounder  be 
situated  at  one  end  of  the  path  or  the  other.  If  it  is  possible  to  measure  the  ionosphere  over  a 
path,  then  why  not  use  the  backscatter  sounder  to  measure  the  ionosphere  over  a  large  area  and  pre¬ 
pare  a  three-dimensional  map  of  ionospheric  parameters?  This  map  can  then  be  used  to  predict  MUF. 

We  at  SRI  have  been  participating  for  several  years  in  a  program  to  develop  techniques  for  obtaining 
a  three-dimensional  map  of  the  ionosphere  in  real  time  by  using  backacatter  sounding.  This  program 
has  been  divided  into  two  basic  areas  of  study. 

The  first  ares  is  the  development  of  techniques  for  using  backscatter  soundings  to  measure  the 
state  of  the  ionosphere  at  points  remote  from  the  transmitter.  The  development  of  these  techniques 
requires  the  analysis  and  correlation  of  data  from  backscatter,  oblique-incidence,  and  vertical- 
incidence  soundings. 

The  second  area  of  study  is  analysis  of  digital  backscatter  data  with  the  goal  of  determining 
optimum  methods  of  data  sampling,  recording,  and  analysis.  Initially,  effort  was  directed  toward 
determining  whether  digitally  recorded  backscatter  data  could  be  used  to  achieve  the  ultimate  ob¬ 
jective,  that  of  obtaining  a  three-dimensional  map  of  the  ionosphere  in  real  time.  If  this  could 
be  dona,  or  if,  alternatively,  a  method  could  be  developed  for  recording  only  the  parameter  of 
interest,  the  aim  would  be  to  determine  the  minimum  data  required  from  the  sounder  to  provide  the 
necessary  information. 

These  two  efforts  have  been  concurrent  and  Intermixed — sampling  techniques  are  tested  with 
techniques  for  transforming  backacatter  data  into  useful  ionospheric  parameters. 

The  date  that  we  are  using  in  our  program  were  collected  by  using  a  Granger  Associates  (G/A) 
step-frequency  sounder  transmitter  and  a  G/A  receiver.  A  steerable  antenna  with  a  nominal  beamwldth 
of  12  degrees  was  used.  The  backscatter  soundings  were  made  by  using  four  pulses  per  channel,  ovor 
a  frequency  range  of  2  to  32  MKz.  The  data  were  recorded  in  digital  form  on  magnetic  tapes  after 
analog-to-digital  conversion.  The  data  from  the  converter  were  preprocessed  in  a  PDP-8  computer. 

The  average  of  the  four  pulses  on  each  channel  was  then  recorded.  Three  parameters  were  recorded: 
time  delay,  frequency,  and  amplitude,  the  latter  being  recorded  over  a  dynamic  range  of  64  levels. 


1R.  F.  Dtly,  T.  I.  Deyha.-sh,  X.  £>.  Felperin,  B.  C.  Tupper,  and  D.  R.  MacQuivey,  "CURTS  Phase  II 
Automatic  Frequency  Selection  System— Status  and  Progress,"  Status  Report  1,  SSI  Project  5757 
(December  1966) . 

aR.  Silberstein,  "The  Use  of  Sweep-Frequency  Backscatter  Data  for  Determining  Oblique-Incidence 
Ionospheric  Characteristics,"  J.  Geophys.  Res..  Vol.  63,  pp.  335-351  (June  1958). 


Maps  of  ionospheric  parameters  are  obtained  as  follows 


(1)  The  digital  date  tapes  are  processed  to  recover  the  backscatter  signal  from 
background  noise  and  interference. 

(2)  The  signal  la  then  processed  to  determine  the  leading  edge  of  the  ground  back¬ 
scatter  trace. 

(3)  The  leading  edge  of  the  ground  backscatter  trace  is  transformed  into  the  desired 
ionospheric  parameters  as  a  function  of  ground  distance  from  the  transmitter. 

(4)  A  contour  map  of  this  desired  ionospheric  parameter  is  preparea. 

All  of  these  steps  are  done  by  a  digital  computer. 

We  are  not,  at  this  stage,  operating  in  real  time  but  are  only  attempting  to  establish  the 
feasibility  of  the  processing  and  transformation  techniques.  We  believe  that,  when  these  techniques 
have  been  perfected,  the  solution  of  the  problem  of  compiling  a  real-time  operating  system  will  be 
only  a  matter  of  tine  and  effort. 

The  next  series  of  slides  that  1  want  to  show  you  demonstrates  some  of  the  results  to  date. 

The  first  slide  (Fig.  2)  is  u  contour  map  of  skip  distance.  This  was  a  first  crude  attempt  at 
mapping  and  was  dona  manually.  The  conversion  was  done  by  assuming  that  skip  distance  and  minlmua 
path  aro  equivalent  and  using  a  simple  backscatter  equation  for  finding  minimum  path  length.3 

The  second  slldo  (Fig.  3)  shows  contour  maps  of  penetration  frequency.  Here,  as  in  the  pre¬ 
vious  slide,  the  backscatter  sounder  was  located  at  the  origin  of  the  polar  coordinate  system. 

These  maps  cover  one  quadrant  with  a  range  of  nearly  1500  km.  Unlike  the  previous  slide,  the  map 
was  prepared  entirely  by  computer.  The  conversion  was  done  by  using  the  assumption  of  equivalence 
of  skip  distance  and  minimum  path,  but  in  this  case  a  quasi-parabolic  model  of  the  ionosphere  was 
used.* 

With  such  a  map  we  can  predict  propagation  conditions  over  a  large  area  and  for  paths  of 
various  orientation.  We  can  use  a  map  to  predict  the  skip  distance  of  a  particular  frequency,  or 
we  can  use  a  map  to  predict  the  MUF  on  a  path.  We  can  even  determine  ionospheric  tilts  from  these 
maps,  thus  getting  information  on  non -great-circle  propagation. 

Although  the  map  that  I  have  shown  you  covers  only  one  quadrant,  there  is  no  reason  why  the 
backscatter  sounder  could  not  monitor  over  360  degrees.  In  this  way,  a  few  sounders  could  provide 
information  on  propagation  conditions  for  a  large  area.  Two,  or  at  the  most  three,  sounders  could 
monitor  the  entire  continental  United  States.  With  the so  maps  the  communicators  would  have  real¬ 
time  information  on  the  state  of  the  ionosphere  and  would  be  in  a  better  position  to  make  their 
frequency  selections.  My  co-workers  and  I  believe  that  this  can  be,  and  will  be,  a  very  valuable 
tool  for  communications. 

In  this  paper  I  have  presented  only  a  general  description  of  a  method  for  obtaining  ionospheric 
maps  to  assist  the  communicator  in  determining  propagation  conditions. 

In  the  following  paper,  Mr.  Harry  H.  Shaver  will  describe  some  techniques  that  are  used  to  pre- 
process  the  digital  tapes  to  recover  the  signal. 

Following  his  paper,  Mrs.  Elaine  Hatfield  will  describe  the  techniques  used  to  determine  the 
leading  edge  of  the  ground  backscatter  trace  and  to  transform  the  leading  edge  into  ionospheric 
parameters . 


3A.  M.  Peterson,  "The  Mechanism  of  F -Layer  propagated  Backscatter  Echoes,"  J,  Geophys.  Rea..  Vol. 
5S,  pp.  221-237  (June  1951). 

~T.  A.  Croft  and  H.  Hocgasian,  "Exact  Bay  Calculations  in  s  Quasi-Parabolic  Ionosphere  with  no 
Magnetic  Field,"  Radio  Science.  Vol.  3,  Ho.  1,  pp.  69-79  (January  1988). 


SIGNAL  PROCESSING  TECHNICS  FOR  BACKSCATTER  IONOGRAMS 
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ABSTRACT 


Hie  usefulness  of  groma  baekscatter  returns  for  estimating  exists?  ionospheric 
parameters  at  a  distance  haa  provi.lcd  the  iapetos  t  i  tn  i.  eetignlioa  of  *.pp;ojjfote 
techniques  for  lonogram  processing.  Sign  pr  .z.  *  *’-Uu.ique£  fur  ertiwatii**  deoir^d 
parameters  from  digitalis  recorded,  sweep-frequency  oaaSscstirr  return#  are  w>iisla.»  eC. 

The  techniques  presented  include  the  currently  used  tjaw-dpssdn  n.-ocssslrg  sc d  alternative 
techniques  based  on  frequency- domain  proceeding.  Kosuite  oc^ia-su  ny  uaiug  vrricue  tech- 
niques  are  c?aRUUed>  Sj’ntex?  Jsplomeatateons  of  the  tevpntque*  for  jemly  real  t!fcr 
.processing  ate  described  end  discussed. 
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SIGNAL  PROCESSING  TECHNIQUES  FOR  BACKSCA7TER  XO.OGKAKS 

b? 

H.  N.  Shiver 

Stanford  Research  Institute 


I  BACKSCATTEF  IONOGRAN  PROCESSING 

The  objective  of  tbe  initial  step  in  our  analysis  of  ionosphoilc  backocatter  date  lh  to  for* 
estimates  of  the  tines  of  arrival  of  the  iocospherlcally  propagated  signals.  The  raw  data  ere,  in 
this  case,  the  digitally  recorded  output  of  a  Granger/Associates  (G/A)  sounder  receiver.  Tbe  G/A 
sounder  ie  a  step-frequency  pulse  sounder,  and  for  the  bsckacatter  sounding  application,  a  TOP -us 
pulse  is  transmitted.  The  receiver  provides  a  logarithmic  envelope -detected  signal  to  the  digital 
recording  systeu .  For  each  frequency  channel,  the  received  signal  amplitude  is  samples  fit  a  rate 
of  10,000  samples  per  second,  quantized  Into  one  of  G4  possible  levels,  and  recorded  over  a  30-ms 
vine  interval. 

The  processing  of  these  raw  data  to  the  point  where  estimates  of  the  time  of  arrival  of  the 
ionosphsrically  propegated  signei  are  made  has  been  designated  preprocessing.  Tbe  preprocessed 
dots  are  subsequently  analyzed  to  determine  overhead  parameters  and  parameters  of  the  distant 
ionosphere.* 

A  simplified  block  diagram  illustrating  the  r*eJo?  operations  perfu.-ooc)  within  the  preprocessing 
program  is  shown  is  Fig.  1.  The  features  id  the  preprocessing  program,  as  well  as  some  features 
that  have  been  considered  end  rejected,  are  the  subject  at  this  paper.  «fe  will  first  consider  the 
more  conventional  time-domain  approach  and  then  one  preliminary  work  on  a  frequency-domain  approach, 

II  TQCE-DCKAIN  TECHNIQUES  FOR  PREFROCESSTCC 

The  first  operation  performed  in  the  time-donetn  preprocessing  is  tho  estiiietioE  of  the  time  of 
arrival  of  the  ground  wave.  Since  the  distance  between  the  transmitter  and  the  receiver  is  kr.«m, 
the  estimate  enables  us  to  adjust  the  ionospheric  signal  returns  t.o  the  time  of  pulse  transmission. 


Tne  time  of  arrival  of  tho  ground  wave  Is  estimated  in  the  following  way.  The  raw  data  Clog 
amplitude)  are  summed  across  all  channels  for  the  first  50  time  Indexes.  The  average  sum,  the 
maximum  sum,  a  ad  the  time  index  of  the  maximum  sum  are  determined  from  the  data.  An  interpolation 
la  initiated  to  find  the  time  delay,  preceding  the  ties  delay  uf  the  maximum  sum,  at  which  the  sum 
is  equal  to  one -ha  If  the  difference  between  tbe  maximum  sum  end  the  avorage  sun.  This  time  delay 
Is  the  estimate  of  the  time  of  arrival  of  the  ground  wave  and  is  used  both  for  the  definition  of  the 
noise  window  and  in  the  adjustment  of  the  time  index  of  each  individual  channel. 


The  remaining  processing  is  applied  on  each  individual  channel.  Within  each  channel,  the 
signal-plus-noise  samples  are  converted  from  log  to  linear  amplitude  and  smoothed  with  respect  to 
time  delay — a  process  that  corresponds  to  filtering.  The  purpose  of  the  digital  filtering  is  to 
enhance  the  signal  in  the  presence  of  noise.  The  impulse  response  of  the  digital  filter  is  approxi¬ 
mately  matched  to  the  transmitted  signal.  The  thresholding  operation  is  designed  to  separate  signal 
and  noise.  Tbs  technique  used  here  is  tc  estimate  the  noise  level  in  a  channel  and  to  increase  thst 
level  by  a  factor  corresponding  to  the  input  threshold  parameter.  This  quantity  is  the  nolse-bssed 
threshold.  Smoothed  sample  values  that  are  greater  than  the  threshold  are  accepted  as  signal,  and 
those  less  than  the  threshold  are  rejected  as  noire. 

Following  the  thresholding  operation,  the  next  processing  step  is  to  estimate  the  times  of 
arrival  of  signal.  For  a  given  channel,  the  time  indexes  of  up  to  a  specified  maximum  number  of 
leading  edges  are  computed,  starting  after  the  arrival  of  the  ground  wave.  The  time  index  of  «. 
leading  edge  is  defined  as  the  time  in  an  Interval  of  positive  signal  slope  when  the  signal  is  above 
threshold  and  when  tbe  incremental  signal  amplitude  from  sample  to  sample  is  a  maximum. 

A  question  that  has  been  considered  in  detail  is  the  desirability  o *  having  the  presence  of 
signal  in  one  channel  at  a  specific  time  delay  influence  the  decision  as  to  the  presence  of  signal 
in  another  channel  and  at  a  specific  time  delay. 

In  our  investigation  of  alternative  techniques,  wn  have  considered  and  ultimately  rejected  a 
fora  of  cross-channel  smoothing.  The  cross-cnanacl  smoothing  resulted  in  a  chtuiuei  signal  value 
(at  each  specific  tiue  Jeiny)  comprising  the  weighted  sum  of  the  aignsl  values  of  the  original 


*Selete<5  topics  ere  treated  in  two  companion  papers  ,1>® 

‘  R.  k.  Bartholomew,  '“Use  of  Backscattar  Hessureoects  to  Improve  HF  Communication  Predictions,*'  pre- 
oentod  at  the  XV-th  Technical  Symposium  of  the  Avionics  Panel's  Electromagnetic  Wave  Propagation 
Coxaaittee  of  tho  Advisory  Group  for  Aerospace  Research  and  Development  of  NATO,  St.  dovite,  Quebec, 
Canada,  2-5  September  1969. 

aV.  E.  Hatfield,  "Derivation  of  Ionospheric  V-uemqters  from  Backscatter  Data,”  presvriied  at  tbe  above 
syuposium . 
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channel,  of  tha  two  adjacent  lover  channels,  and  of  the  two  adjacent  higher  channels.  The  Affective 
weighting  coefficient*  were  1,  2,  3,  2,  and  1.  In  all  cases,  the  sane  t lee-delay  smoothing  was 
applied , 

Ix.spies  of  ionograms  processed  by  using  the  cross-channel  anno  thing  algorithm  and  by  using 
the  algorithm  with  no  cross- channel  interaction  are  shown  in  Figs.  2  and  3.  ?he  ionograns  show 
signals  datactad  sa  leading  edges  (at t inn  tea  of  points  of  maximum  rate  of  change  lr  t^we  intervals 
Where  the  signal  rate  of  chugs  is  positive  and  tho  signal  is  above  threshold) .  lr  both  algorithms, 
the  maximum  number  of  leading  edges  to  be  found  per  channel  v as  specified  as  six.  Iu  figs.  2  and  3, 
the  time  oelajs  have  not  boen  adjusted  to  the  time  of  arrival  of  the  ground  wave,  which  aay  he 
cxecrly  seen  at  a  time  delay  of  approximately  2.S  ms. 

-  In  the  illustrations  using  the  cross-channel  saootnlcg  algorithm,  the  region  of  the  lonogram 
representing  the  ground  bftchscatter  trace  has  become  somewhat  distorted  and  horizontally  stratified 
because  of  the  cross-channel  smoothing .  It  seen s  that  this  Is  due  to  the  wide  variation  in  signal 
strength  that  may  be  present  froai  channel  to  charnel.  One  night  consider  a  fora  of  ctgnal-levol 
nonce*  ization  and  a  note  complex  sneothioj  algorithm  to  overcone  sone  of  the  presumed  bad  effects 
of  the  cross-channel  Smoothing.  A  more  complex  smoothing  algorithm  night,  for  example,  permit  a 
variation  in  tine  delay  as  a  function  of  frequency  within  the  cross-channel  sroothing.  Although 
these  and  other  possibilities  have  not  been  in-eatignted,  we  have  chosen,  at  least  temporarily,  to 
eliminate  cicsa-chr.nnol  interaction.  This  eprroach  prevents  tho  possible  el  iiiir.ation  of  desired 
rigurl,  results  in  simplification  of  the  preprocessing  algorithms,  and  retains  the  dternatlve  of 
applying  a  for*  of  cross-channel  processing  at  a  later  stage. 

Ill  FREQUENCY -OCliA IK  TECHNIQUES  FOR  PREPROCESSING 

Seme  prellairary  results  of  backscsttar-ioncgraa  preprocessing  using  an  entirely  new  approach 
will  now  he  presented.  The  approach  uas  been  made  possible  by  recent  advances3 i*  in  the  formulation 
of  algorithms  to  eocapute  the  discrete,  finite-time,  Fourier  transform.  These  advances  have  resulted 
In  what  is  now  known  as  the  fast  Fourier  transform. 

A.  The  Basis  for  Frequency-Domain  Ionogran  Processing 

Xonogram  processing  in  the  frequency  domain  has  evolved  in  a  series  of  steps,  some  of  which 
will  be  described.  The  basis  for  the  processing  lies  with  s  frequency-domain  Interpretation  of  a 
single-channel  amplitude  record,  or  aapligram.  An  example  of  one  such  ampligram  is  given  in  Fig.  4. 
The  amplitude  in  this  figure  la  In  a  logarithmic  form.  The  first  arriving  pulse  is  the  ground  wave, 
and  the  second  pulse  is  reflected  from  the  ionosphere  (in  this  case  a  ground  bsckscatter  return). 
There  may  be  additional  returns,  but  in  some  cases  they  will  be  too  weak  to  be  distinguished, 
especially  on  a  linear  scale.  The  important  point  is  that  there  are  at  least  two  pulsbs  separated 
by  a  time  interval  that  is  of  direct  interest  in  the  ionogran  processing.  The  signal  contains  a 
sinusoid  with  a  fundamental  frequency  whose  period  corresponds  to  the  desired  interval,  and  is  rich 
in  harnoJi'-'s  (although  not  every  harmonic  ncy  be  present)  . 

To  illustrate  the  frequency  content  of  amnligrams,  estimates  cf  the  power  spectra  (the  squared 
envelope  of  the  Fourier  transform)  of  two  ampl lgram»  are  shown  in  Fig.  S.  For  these  particular 
exaspics,  the  first  2S6  sample  values  (25.6  as)  of  the  ampligram  were  converted  to  linear  amplitude 
sad  smoothed  in  time  delay;  ail  sample  values  less  than  the  threshold  were  sot  equal  to  the  threshold 
value;  and  the  Fourier  transform  was  applied.  In  the  frequency  domain,  ample  values  occur  every 
29/)fc  \ftt  the  reciprocal  of  the  length  of  the  time  record  (0.0256  s) .  In  each  of  the  examples,  a 
sorter  of  spec tr-1 ~omaks  appears,  which  we  contend  are  related  to  the  interpulse  interval  on  the 
ompligrsms. 

We  reiterate  then,  that  the  bcsls  for  our  frequency-domain  approach  is  tho  fact  that  two  or 
more  pui.se a  are  present  on  the  ampligram,  the  first  mrriving  pulse  being  the  ground  wave,  signifying 
a  zero  time  reference.  Further,  an  xmportent  parameter  in  our  analysis  is  the  interpulse  internal; 
this  quantity  is  roictad  to  tits  peaks  in  the  frequency  •domain  representation  cf  the  signal. 

3.  Period  Processing  from  Spectral  Peaks 

The  fact  that  the  series  of  poxbo  iu  the  frequency -domain  representation  of  the  ampligram  is 
related  to  the  interpulse  interval  ccn  be  r imply  demonstrated.  Su; pose  that  for  each  channel  we 
take  the  Fourier  transform  of  the  ampligram,  compute  the  squared  envelope  of  the  samples,  end  find 
the  frequencies  of  all  of  the  peals  in  the  spectral  representation  up  to  1030  Hz.  For  each  of  these 
frequencies  we  then  take  its  reciprocal  to  find  the  period  of  tho  sinusoid,  and  us  plot  the  times 
corresponding  to  the  periods  os  a  function  of  sounder-channel  frequency.  Two  examples  of  this 
"proceaaing  are  shewn  in  Fig.  6.  For  these  examples,  both  time  sod  frequency  (cross-channel) 


*J.  W.  Cooley  and  J.  W.  Tukey,  "As  Algorithm  for  the  Machine  Calculation  of  Complex  Fourier  Series,” 
Math,  of  Comput..  Vol.  19,  pp.  297-301  (April  1965). 

*  IEEE  Trans,  on  Audio  and  Electroacoustics .  "Special  Issue  on  Fast  Fourier  Transform  and  Its 
Application  to  Digital  Filtering  and  Spootral  Analysis,”  Vol.  AV-15,  No.  2,  pp.  43-117  (Juha  1967). 


smoothing  wore  applied  to  the  aupllyruss,  and  onl"  the  first  25. C  ms  of  drta  ware  used, 
case  the  data  were  in  linear  faro,  and  in  th9  ether  they  were  in  log  faro. 


XC  one 


Another  point  that  is  clearly  illustrated  in  the  jx angles  is  that- .*.t  asall  delay*,  vsilatlolu' 
in  the  trcces  are  fairly  well  defined  (note  particularly  '&■*  traces  nt  frequencies  hrlc*  10 
whereas  for  large  delays  there  is  a  complete  lack  of  detail  in  trace  variation.  Thin  different?  13.. 
definition  can  be  explained  as  follows.  In  thl  power  spectral  estimate  we  have  aerially  no-spoted 
quantities  related  vo  the  cowers  in  narrow  frequency  bands.  These  dtnds  are  uniform  hi  width,  i nd 
we  aay  that  all  of  the  energy  occurs  at  frequencies  in  the  centers  of  the  bands .  Per  the  azaupiei 
we  have  shewn  in  Fig.  8,  the  center  frequencies  are  given  by 


*n  *  D(bT025?)  =  ^30-06) 


0,  ±1-  ±2, 


and  the  bandwidth  of  the  narrow  frequency  band  is  39.06  at.  Suppose  there  are  spectral  peel? a  In  the 
bands  designated  by  h  =  3  and  n  =  10.  The  actual  frequency  nay  lie  anywhere  in  the  range  give® 

by 

97.7  £  f  £  136.7  ;  n  =  3 


371.1  g  f  S  410.2 


If  we  now  taka  the  reciprocals  of  the  frequencies  at  the  band  jdges,  we  find  that  the  ranges  of  the 
time  delays  that  vo  have  chosen  to  represent  by  thl  reciprocals  of  the  center  frequencies  are  given 
by: 


7.31  g  T  *  10.24 


2.44  <  t  £  2.69 


where  the  time  delay,  »,  ie  in  Billiseconds.  Prop  this  illustration  we  see  that  the  uncertainty  in 
the  frequency  of  a  peak,  an  uncertainty  that  is  uni  tom  with  respect  to  frequency,  results  in  an 
uncertainty  of  tine  deluy  that  la  nocunifona  wfth  respect  to  ties . 

One  way  co  decrease  the  uncertainty  in  tine  delay  is  vispl;  to  decrease  the  uncertainty  in  fre¬ 
quency.  To  achieve  this,  are  mist  improve  the  frequency  resolution  in  the  spectral  analysis  or, 
equivalently,  take  a  longer  time  record .  The  raw  data  are  recorded  a r,  300  tine  samples  representing 
a  30 -me  interval.  In  the  frequency -douain  analysis  we  have  been  using  the  first  25.6  ms  of  date. 
Consider  now  the  use  of  102.4  as  (1024  sample  points)  of  data.  As  we  have  stated,  the  date  internal 
is  only  30  ms  long,  so  what  re  have  chosen  to  do  Is  to  fill  in  the  remaining  Interval  (72.4  ms  long) 
with  samples  having  a  value  of  zero.  Several  applications  of  this  approach  have  given  results  that 
seen  encouraging.  Two  examples  of  the  results  of  this  -ypo  of  processing  are  shown  in  Fig.  7.  Ac 
we  have  indicated,  the  data  Interval  is  102.4  rs,  unu  the  frequency  resolution  is  on  the  order  of 
to  Hz.  For  these  examples,  time  smoothing  was  eliminated;  however,  frequency  smoothing  nac  applied 
to  the  ampligrams.  As  before,  in  one  case  the  data  were  in  linear  fora,  and  in  the  ether  they  war* 
in  log  form. 

With  some  imagination,  and  perhaps  .  itn  the  aid  of  an  ionogram  processed  by  the  use  of  conven- 
tfmrul  t "at -domain  techniques,  one  may  Tctscb  significance  to  the  apparent  traces  shown  in  Figs.  6 
and  7.  Vs  ecu  define  a  one-hop  vertical -incidence  trace,  a  backscatter  trace,  and  a  multiplicity 
of  traces  with  delays  less  than  these  traces.  7t  we  examine  the  .additional  traces  in  more  detail., 
we  lee  That  they  have  delays  of  one -half,  one -third,  one-fourth,  and  so  op,  of  the  dominant  longer- 
time-delay  trace  (either  the  onc-hop  vertical -incidence  trace  or  the  ground -bach scatter  tree*). 

These  additional  traces  are,  in  fact,  due  to  tt j  barren ic  content  of  the  smpligrra.  We  will  next 
address  oersslvcc  to  the  questior  of  how  we  might  utilize  these  harmonics  to  define  more  precisely 
the  time  delay  of  the  dominant  trace, 

C.  Harmonic  Combinations 

As  re  have  illustrated,  the  spectral  analysis  of  an  cspllgrem  wtSV.  generally  reveal  a  Tories  of 
peaks  corresponding  to  the  frequency  bands  that  contain  the  fwjdarcntal  evu  the  harmonics,  let  us 
call  these  frequency  bandc  fl<  *2>  *3>  •••  -  7<  we  consider  the  true  iurrX  until  frequent  j.  (  ,  vre 

know  that 

f  -  —  it  S#-+5S 
1  AT  1  i  2T 

where  T  is  the  length  of  the  tine  record.  Similarly,  ve  know  (waruelng  that  wq  can  determine  the 
harmonic  number  of  a  particular  peak)  that 
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Frequency  Bant  of  Spectral  Pi-alt  I  r^tWie^Viiee^helaj^ancertnJaty  I 


97.7  ifi  136.7 
371.1  etc  410.2 
878.9  £  t  £  918.0 
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Craa  problem  T\£i  srw  vtcct>tsr  12  that  we  to  out  know  the  hstumic  inartur  associated  with  each 
G%  tin  It  th vy  are  rejulauly  spade «?.  we  can  .'ittaaepe  tt*  yuan  the  haraonle  nurjbor.  Suppose 

the>s  le  a  <t.  H  jsaafcr  w;th  0'.'  frequtrwinr  f  ..  }  *  ,,..  V.  ft^lne  a  function 
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•ifcare  Ir  f*  our  best  guess  of  the  hanaonlc  ncebt^r  for  that  peak.  Define  a  ’vet-  tunc t lor 
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e(T)^Es!vr»  *  u> 
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tfcrl  represent*  the  hanaon ic  reiaforceetent  In  the  tiae  dntaln.  T»o  caasple*  of  this  particular 
appruich  ar»t  than  it  Fig.  8.  The  results  are  quite  encouraging  benauae  the  leading  cc-’e  cf  a 
ieckeut  :tar  trace  seeut  to  be  defined  qjite  well. 

As  one  Bif-t*  imagine,  thare  are  cases  wcwro  it  is  difficult  to  guess  the  hotsoaic  uurb-Cr  >s*o~ 
staved  with  a  particular  spectral  pc«k.  Tr  circiarvant  this  difficulty,  we  have  ccnsidorsd  an  altej’- 
ttitivej  vhicn  seex  to  proves  a  satisfactory  solution. 

0.  Seme  Praliainerl  Beaclts 

As  an  cltortative  to  the  selection  of  1  rpecific  i'*r*c£,ic  rvrbcr  to  associate  wi'X  a  spectra.’ 
peak,  consider  Dew  the  use  of  runge  ov  I  ;nsoi«c  tutbers.  In  Eq ,  (3)  tXu,  k  if  a  v.t  of  values, 
•S7  1,  2,  .. g,  where  g  rfOT  be  deterainol  f rm  thi  racist-*  tiaw  del ->1  lDterost.  for  a  saxisua 
Dia*  delay  of  20. C  xa  tnd  a  f rer  .>jrcy  roaolutlos  cl  39.06  g*  ia  apoct"Sl  analysic,  t-*o  axsaples  of 
tie  nonsero  regions  of  gif>Ji,Y)  assoc  Utsd  tilt-  spectral  peaks  are  given  in  Table  II-  Aa  given  in 


- : 


\*r^vryiu>i,  jsmx.iwra 


15-6 


i 

i 


Ts'le  II 


EXAMPLES  OF  THE  rtMZESO  INTERVALS  OF  g(f  ., t) 

Pi 


F-equeuvy  of  Spectral  Peak 

Range  of  Possible  Time  Delay 

(He) 

Ha  manic  Number 

(ms) 

1 

2.69-3.01 

* 

5.39-6.02 

3 

8.08-9.04 

251.6 

4 

10.78-12 .05 

5 

13.47-15.00 

■5 

16.17-18.07 

7 

18.86-21.08 

1 

2.44-2.39 

2 

4.88-5.39 

3 

7.31-8.08 

3S0.6 

4 

9.75-10.78 

& 

12.19-13.47 

6 

14.63-16.17 

7 

17.07-18.86 

t 

8 

19.50-21.56 

E} .  \«fi ,  tho  quantity  G\y)  should  be  large  at  those  values  of  r  for  which  there  is  reinforcement  due 
to  the  presence  of  If*  jonlcs . 

With  a  llatititicn  on  th<e  deity  of  30  as,  a  25.6-ss  smpligram,  and  only  those  spectral  pcak3 
loej  than  30u0  Ez  oeing  chosen.  Fig.  9  gives  two  examples  of  the  quantity  G(v)  .  The  ampligrama  used 
for  thes'J  exanploe  contain  no  tiaoo  or  frequency  smoothing  or  any  thresholding  operation .  The  raw 
data  have,  however,  been  converted  into  linear  amplitude. 

In  Oete  examples,  the  linear  trend  in  the  data  at  low  time  delays  ia  very  evident.  Low  time 
delays  correspond  to  high  freqrencies,  and  within  a  specified  range  of  frequencies  they  have  fewer 
possible  harmcnics.  If  vb  new  remove  the  linear  trend  by  defining  a  new  function. 


H(t)  *  G(t)  -  f 


the  results  ore  as  shown  in  Figs.  10,  11,  and  12.  Here  we  have  included  the  result*  for  the 
processing  of  both  tho  raw  data  (directly  from  the  data  tape)  and  that  raw  data  converted  into 
linear  amplitude., 

Wo  f)»!  the  results  illustrated  here  very  encouraging.  The  predominant  peaks  sworn  indicative 
of  desired  signal.-  Thera  re  ns  in,  however,  many  aspects  of  the  processing  that  need  farther  investi¬ 
gation.  For  example,  the  differences  between  the  results  from  the  processing  of  the  logarithmic 
data  md  those  from  the  processing  of  the  linear  data,  the  correction  to  remove  the  linear  trend  in 
tho  data,  and  the  u&e  of  longer  time  records  (even  though  they  may  artifical.’.y  be  partly  filled  with 
zeros)  need  to  he  investigated  further. 

E.  Soee  Implications  of  Frcquency-Poca in  Processing 

One  sight  -.sk  why  we  are  concerned  with  frequency- domain  processing,  since  we  have  technique* 
for  the  tlae-domain  nroucasing  of  the  data.  The  primary  reason  for  this  concern  is  that  we  would 
1  ;Ve  tc  evaluate  ways  of  improving  the  estimates  of  those  paraneters  that  are  requirac’  In  aipws- 
?>.eat  s  liges  of  the  bauhscatt.-i  ',oc3ssin? .  A  secondary  reason  is  that  we  would  like  to  Otnce  ths 
Complexify  of  the  processing.  Although  we  have  introduced  several  new  processing  steps,  we  have 
Ciiminrt'Xi  the  ^soothing  opertticn,  tho  ground -wave  time -of -arrival  computation,  and  the  uoiX»  and 
thr-sncld  computation. 

?0rl->o-j  one-  of  ii'e  most  sa-portaat  pc.tsibiliciae  of  the  frequency-domain  approach  lies  in  r 
pc  .awt-lal  rt-tl-tlr.e  istpleaentation.  ‘7  p-t;  if  1 -purpose  cots  peter*  can  perform  the  Fourier  trtns-hrt* 
very  »vicelv  1.T  one  cl  V. jos  devicis  w e-re  operated  directly  with  the  sounder  receiver,  f ollow-c 
by  e  device  Co  on '.^x. I  The  -L~,riral  peeks,  -ti,-r  qur;itity  cf  data  to  be  rece  ded  or  stored  for  forth*-.' 
process  try  ».-rht  bo  -educed  by  *  factor  of  10.  Yoi£  assumes  something  less  than  30  spectral  peaks 
par  Channel  ratiw  tb-.£  300  3 ampin  val>vsA.  "t*;  large  quantity  of  data  that  must  be  recorded  at  a 
sounder  receiver  has  been  letngrized  as  a  piasilaae  for  a  long  time.  Frequency-domain  processing  may 
eventually  contribute  to  the  soluti.va  ->f  that  ^robie®. 

Sigh  if ic»nt  steps  have  been  taker.  t$  the  esolutton  of  frequemy-domain  processing  ' echniquoa ; 
hewevdr,  ».«  wc  have  indicated,  several  e-yucts  of  the  problem  hava  not  beer  resolved  and  are 
currently  U17n-  investigated.  The  peter tial  value  of  thw  processing  to-  hnique  remains  to  veri¬ 
fied  as  its  do-eiojwent  continues. 
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ABSTRACT 


A  computer  program  has  been  developed  to  transform  backscatter  data  into  an  ionospheric 

ihip. 

To  construct  such  a  map,  icnogram3  recorded  from  true  narrow-beam  antennas  over  an 
azimuths]  range  of  108  *  were  used.  Proa  the  ionograms,  time  delay  and  amplitude  as  a 
function  of  frequency  sere  derived  and  translated  into  ionospheric  parameters.  These 
parameters  were  related  directly  to  the  minimum  time  delay  pulse  by  using  theoretical 
equations.  3y  assuming  a  "quasi-parabolic”  model,  the  corresponding  ray  equations  may 
be  used.  The  parameters,  the  height  of  the  bottom  of  the  layer,  Hn  ,  the  layer  semi- 
th  iciness,  y(  and  the  critical  frequency,  fc,  may  be  varied  to  arrive  at  a  solution 
of  the  minimum  time-delay  equation.  It  was  found  possible  tc  fix  two  of  these  parameters 
and  solve:  for  the  third.  For  the  fixed  parameters,  vertical- incidence  parameters  directly 
overhead  were  used;  rhe  third  parameter  was  generated  from  the  backscatter  trace.  To 
obtain  the  overhead  parameters,  a  new  program  was  generated  to  extract  them  from  the 
vertical-incidence  portion  of  the  backscatter  ionogram.  A  satisfactory  technique  for 
deriving  these  parameters  was  developed. 

Contour  maps  were  made  from  critical  frequency  as  a  function  of  range  and  azimuth, 
using  a  polynominal  fit.  Representative  maps  are  presented. 
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DERIVATION  Ok  iONOSPrffiRIC  Pi*. GAMETSRo  TWM  BACTSCATTUt  BATA 
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V  E .  Hatfield 
Stanford  Research  Institute 

I  DESCRIPTION  OF  THE  PPCBjJW 

It  is  useful  to  map  ths  ionosphere  over  as  such  of  the  Aarth  es  possible,  i  _-om  s  *ilg5.o  loca¬ 
tion,  using  a  sounder  transaitter-receiver .  Backscatter  returns  on  a  H*eep-frequeoc>  ionogrua  offer 
a  possible  means  for  doing  this,  since  oblique  transmitted  signals  at  certain  frequencies  are  re¬ 
flected  by  the  ionosphere,  reach  the  earth,  scatter,  and  return  by  the  sane  path  (Fig.  1),  Some  of 
the  signals  nay  reach  a  distance  of  frca  500  to  3000  kx,  depending  on  the  ionosphere.  The  re¬ 
turning  signals  can  bo  recorded  on  a  sounder  as  an  ionoflr'Jn  (Fig.  21  The  information  recorded  is 
the  tine  of  arrival  minus  the  slgncl  start  tine  (tine  delay)  and  the  strength  of  ti-e  signal  or  ampli- 
tude.  Both  the  tine  delay  and  the  anplitude  are  affected  by  the  ionospheric  path  through  thteh  the 

signal  travels;  thus  the  problem  is  to  infer  suat  the  ionosphere  la  like  by  obaervicg  the  time  delay 

and  anplitude  of  returning  signals. 

The  data  we  ere  using  are  digitized  anplitude  an  a  fuuctics  of  tlx*  delay  and  frequency.  There¬ 
fore  more  detailed  intones  tier,  ir  available  than  can  be  obtained  from  tho  black -an  J-zhite  fill  iouo- 

graa,  ts  sian  in  Fig,  2,  tmt  the  data  are  similar. 

For  this  experiment  we  have  iobogrtma  from  nine  narrow -bean  (about  12®)  antennas,  all  located 
at  approximately  the  sane  place  but  spaced  evenly  over  an  azimuthal  range  of  108°.  The  transmitter 
is  Iocs  ted  nearby  .- 

IX  ‘fHSORBTICAIi  CONSIDERATIONS 


A .  Choice  of  Pod el  Ionosphere 

To  map  t ha  ionosphere  from  the  ionograms,  it  is  necessary  to  know  tie  relationship  between  tine 
delay  and  amplitude  on  the  lonogrcm,  and  the  distance,  height,  and  electron  density  in  the  iono¬ 
sphere,  Several  theoretical  models  exist  that  establish  this  relationship  between  group  tjao  or 
time  delay  and  a  model  ionosphere.  For  this  particular  problem,  a  simple  model  thwt  takes  into 
account  the  curvature  of  the  earth  is  needed.  Only  the  FE  layer  has  been  considered,  since  moat  of 
the  backscatter  cornea  rrom  this  layer.  Figure  3  shows  theoretical  backscatter  mlmlmua-time-delry 
curves  for  the  following  five  models,  all  with  no  field  and  uniform  ionosphere: 

-  * 

(1)  Flat  ionosphere — parabolic  distribution,  flat  earth1 

(2)  Flet  ionosphere — parabolic  distribution,  curved  earth3 

(3)  Curved  ionosphere — parabolic  distribution,  curved  earth3 

(4)  Curved  ionosphere — quasi-parabolic  distribution,  curved  earth* 

(5)  Curved  ionosphere-constant  height  of  reflection,  curvoi  earth.1 

The  differences  caused  hy  an  inaccurate  model  become  quite  large  at  the  higher  frequencies  in 
which  we  ire  the  moot  Interested,  since  the  backscatter  returns  at  these  frequencies  have  been  re¬ 
flected  from  the  ionosphere  at  a  greater  distance.  Therefore  it  seemed  necessary  to  use  as  the 
model  ionosphere  either  the  parabolic  ionosphere  with  curved  earth  or  the  quasi-parabolic  ionosphere. 
The  quasi-parabolic  ionosphere  was  chosen,  since  exact  equations  for  ray-path  parameters  exist,  while 
the  parabolic  ionosphere  requires  approximation. 


The  quasi -parabolic  equation  for  group  path  (or  time  delay)  is 


i  r 


where 


p'  =  2 {r  Sin  CC  -  r  sin  8  +  r  -  r  sis  <x  -  in  - 

b  °  °  *  L  b  V*  (2Arw  +  B  ♦ 


B2  -  4AC 


sin  <*)' 


']| 


A  =  1  -  l/t2  +  trb/(Fym)]2 

8  =  (-  2  r  r2)/(F2  v2) 

»  a  V 

2  2 

C  =  *  [r  B/2  ♦  rk  cos  =] 
m  t> 


References  ere  listed  at  the  end  of  the  paper. 


18-3 


r  =  height  ci  Bex Imisi  electron  r’enexty  measured  fro*  center  oi  eerth  »  r  +  h  +  Y 

I  o  O  D 

h  -  height  of  bottom  of  layer  ^staured  frofr  *-he  rrotiid 
o 

-  r,  a  height  of  bottom  of  I s^vr  nessm-ed  ticg.  center  of  earth  a  r  ♦  h 
b  •  o  o 

r  »  radius  of  earth 
c 

n  seaithlcknees  of  the  layer 
=  take-off  angle 

a  -  90“  --  angle  of  incidence  with  the  layer 

*  *  f/fe  =  ratio  of  transmitted  frequency  to  critical  frequency  of  layer. 

B.  Examination  of  Unknorn  Parameter;-, 

The  un'-nown  ionospheric  pa  raise  tern  T^e  equation  are  j  ,  fc,  ard  h^.  'fheao  arc  the 

pnra&ater#  **  will  try  to  nap  fzoa  the  bsckacatter  data .  The7 take -~i.fi  angle,  gvl  is  also  an  en- 
1400  tthe  angle  of  incidence  with  the  layer  is  a  funciion  of  j}3) ;  however.  if  only  on*  angle  is 
Considered— the  angle  of  minimus  delay — this  tillable  nay  be  eliminated . 

The  eqoatlon  for  group  tiae  wsa  solved  for  minimum  time  dei*y  by  taking  the  derivative  with 
respect  to  els  rewriting  P'  in  teres  of  tic  «,  and  taking  the  derivative.  The  result  is; 


Thie  equation  aay  t*  solrad  Iteratively  for  c-,  givyn  any  jet  of  ionospheric  paraset-irs.  The  angles 
for  minimum  group  poth  >*r  time  delay  aay  then  ba  substituted  in  Eq.  (1),  and  the  result  is  minimum 
group  path  or  minimum  time  delay.  The  theoretical  minimum  tiye  delay  m«y  t^en  be  compared  with  the 
minimum  time  delay  on  the  ioa-j gram. 

The  minimum  thca  delay  on  1AVC  xonegras  is  relatively  easy  to  find,  since  generally  there  is 
focusing  of  rays  at  the  minimum,  making  the  signal  stronger  there.  A  typical  bsckscattvr  signal  is 
given  in  Fig.  4,  showing  the  original  data  and  the  smoothed  data.  The  minimum  delay  ve  arc  using 
is  the  maximum  positive  derivative  of  the  linear  smoothed  data. 

If  the  minimum  inlay  from  the  ionogrsj  is  substituted  into  Eq.  (1),  there  are  three  unknowns. 

To  obtain  s  solution,  two  of  the  parameters  must  be  assumed.  Xt  was  decided  to  -un  some  tent  casos 
on  a  ray-tracing  progrtjc*  to  determine  which  parameter  affected  the  backacatter  curve  the  most.  A 
variety  of  gradients  *»re  chosen  to  whew  change  in  height  of  maxima  electron  density.  In  critical 
frequency,  and  in  layer  semithickness.8  Both  height  of  maximum  and  critical  frequency  seemed  to 
affect  the  backscatter  curve  more  than  layer  semithickness,  so  it  wis  decided  to  hold  layer  seni- 
thi-knesa  constant  and  to  very  the  otter  taro  parameters.  The  semithickness  of  the  layer  overhead 
at  vertical  Incidence  is  assumed  tc  be  available,  so  this  hss  been  used  as  the  constant  value.  The 
computer  programs  have  been  written  to  allow  a  known  polynoainal  variation  in  height  of  the  bottom 
of  the  layer,  while  solving  for  critical  frequency.  However,  a  decision  as  to  what  variation  to  use 
for  the  height  has  not  been  made,  so  the  overhead  values  cf  height  of  the  bottom  have  been  used  and 
held  constant.  These  values  have  been  used  in  the  contours  of  critical  frequency  that  have  been 
constructed  frea  the  backscstter  data. 

C.  Error  la  Method  of  Representing  a  Tilt 

The  equations  we  have  chosen  to  use  represent  a  uniform  concentric  ionosphere,  while  the  real 
world  from  which  the  data  were  collected  is  far  from  this.  The  assumption  essential  to  these  equa¬ 
tions  is  that,  for  the  portion  of  the  signal  ray  path  within  the  F2  layer,  the  ionosphere  is  con¬ 
sidered  to  be  uniform.  If  the  ionosphere  is  actually  tilted,  this  approximation  will  produce  an 
error.  A  few  cases  were  tested  to  see  what  kind  of  an  error  this  will  be,  A  basic  F2  layer  over¬ 
head  was  assumed  tc  be  parabolic,  with  parameters  hQ  =  750  km,  fc  =6.5  MHz,  and  ya  =  80  km.  Three 
critical -frequency  gradients  were  assumed.  Changes  in  critical  frequency  of  +1,  -1,  and  -3  MBz  per 
1000  km  were  calculated.  Simulated  tonograms  of  ninioua  time  delay  are  shown  in  Fig.  5.  The  lines 
were  calculated  by  the  approximate  method,  using  the  quasi-parabolic  equation.  The  points  were  cal¬ 
culated  by  ea  Incremental-step  ray-tracing  program.7  Table  I  shows  the  errors  that  would  be  made 
in  the  calculation  of  critical  frequency  if  the  points  on  Fig.  5  were  used  as  ict-il  data  points  and 
calculations  sere  made  using  the  quasi-parabolic  equation.  As  would  be  expected,  the  largest  varia¬ 
tions  occur  at  the  greatest  distances  or  for  the  largest  gradients. 


Gradient 
(ICIz/1000  km) 

Distance 

(ku> 

.1.0 

311 

461 

737 

1023 

1474 

-1.0 

279 

389 

600 

845 

1209 

-3.0 

375 

1 

i _ 

558 

Table  I 

ERROR  IN  CALCULATED  CRITICAL  ’*REQtfCtOr* 

ent  Distance  Actual  Minus  Calculated  Values 
00  ka)  (Vu~, _ _  (MSs) _ _ 

.0  311  +0.007 

461  +0.008 

737  -C  .003 

1023  -0.014 

1474  +0  322 

.0  279  +0.001 

389  -0 .001 

600  -0.010 

845  -0.021 

1209  -0.061 

.0  375  +0 .075 

558  +0 .128 


h  =  250.  y  =  80.  f  =6.5. 
o  a  '  c 

III  PROGRAM  /OR  TRAhS/OKIING  BACKSCATTER  DATA  INTO  AN  IONOSPHERIC  MAP 

A .  Introduction 

fue  transformation  program  is  presently  arranged  in  four  separate  programs .  The  f lr3t  progran, 
PREPROS , 9  takes  th?  digitised  amplitude,  smooths  the  data,  and  calculates  leading  edges  of  all  ins 
signals.  The  second  program,  OVERHED,9  calculates  vertical-incidence  parameters  from  the  leading 
edges  in  the  vertical -incidence  portion  of  the  ionogroa.:  The  third  program,  PRDCTFC,8  makes  the 
critical-frequency  trues format  Iona  from  the  backscatter  trace.  The  fourth  program  produces  a  con¬ 
tour  map  using  the  trar.e formed "frtquencies  from  nine  antennas. 

A  brief  description  of  both  OVERHED  Kid  PIiDCTFC  Is  presented  in  thiB  section..  A  flow  chart  of 
the  critical-frequency  transformation  program,  PRECTFC,  IS  Shown  in  Fig.  6. 

B.  Critical-Frequency  Transformation  Program  (PRDCTFC) 

Overhead  parameters  from  Program  OVERKED  and  leading-edge  points  (from  PHRFROS)  are  read  in 
'.Subroutine  DATA  RED) .  If  a  variation  in  layer  height  is  desired,  this  variation  is  read  in  at  this 
point . 

Seme  of  the  data  points  are  eliminated  by  a  mask  in  Subroutine  DATALlJf .  The  cone-shaped  mark 
la  based  on  the  vertical-incidence  parameters  generated  by  uring  two  easily  calculated  backscatter 
equations,  the  first  for  flat  earth,  which  generally  underestimates  time  delay,  and  the  second  for 
curved  earth  with  constant  height  of  reflection,  which  generally  overestimates  lime  delay  (Fig.  3). 

The  remaining  points  aie  then  submitted  to  the  quusi-parabolic  equation  for  minimum  tine  delay. 
The  solution  of  the  equation  is  accomplished  ty  a  triple  iterctlon  to  determine  *>  critical  frequency 
and  a  distance  to  the  point  of  reflection.  To  keep  iterstion  time  low,  the  point,  from  the 
lonogrsm  are  processed  in  sequence,  so  that  tho  changes  in  parameters  wl'.h  each  new  point  will  he 
small . 

The  iteration  is  Initiated  with  an  estimate  of  distance;  minimum  and  maximum  values  for  reflec¬ 
tion  distance  are  calculated  (Subroutine  bMnXXIN);  and  Subroutine  ITERATE  in  callud  to  determine  tho 
distance  to  the  reflection  point.  Subroutine  ITERATE  requires  a  function  whose  solution  is  aero, 
an  upper  and  lower  estimate  of  tt-s  unknown,  and  a  specified  accuracy .  The  method  used  for  solution 
is  9  combination  ascent  and  htlf  method. 

For  each  eatioate  of  distance,  say  be  caltula.ed  fro*  the  equation  for  variation  in  layer 
height;  a  va.'iatio?  in  layer  semi  thickness  could  also  be  calculated  here.  Constants  involving  he 
art)  calculated.  The  critical  frequency  is  estimated  by  first  calculating  minimum  and  maximum 
values  for  It  and  then  calling  Subroutine  ITERATE  at  n  second  level  to  determine  tne  exact  value. 

For  etch  estimate  of  critical  frequency,  constants  are  calculated;  estimates  of  minimum  and 
Jixximum  values  for  the  angle  of  incidence  at  the  layer  for  mlaimur  time  delay  are  calculated;  and 
Subroutine  ITERATE  is  called  at  the  third  level  to  determine  cr- 

The  result  of  etch  complete  iteration  ic  n  critical  frequency  at  a  corresponding  distance. 
These  will  be  the  data  points  for  the  contour  map. 
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£*2or*  tbs  contour  up  la  made,  tha  data  points  ara  further  screened,  and  a  polynomial  tv  fit 
to  the  data.  The  first  screening  occurs  within  tha  quasi-parabolic  solution  loop:  12  wore  than 
one  data  po«nt  occurs  at  t  frequency  on  tha  ionogram,  the  poict  giving  the  east  likely  critics* 
frequency  is  kept;  the  most  liholy  critical  frequency  ie  chosen  by  keeping  a  running  average  of 
accepted  critical  frequencies.  The  point  nearest  the  average  is  kept. 

The  data  axe  then  fit  to  a  polynomial.  Beginning  with  a  linear  fit,  the  order  of  the  poly¬ 
nomial  is  increased  until  a  satisfactory  standard  error  of  satinets  is  reached;  up  to  seventh  order 
is  allowed.  With  each  fitting,  s  second  screening  of  points  occurs;  points  lying  outside  of  s  norael 
distance  from  the  fitted  polynomial  are  eliminated. 

The  final  polynomials  from  each  of  nine  antennas  r*  o  used  in  the  contour  program,  and  a  contour 

up  la  drawn. 

Figure  7  shows  the  vertical-incidence  curve  fit,  the  final  backscatter  data  points  chosen,  and 
the  backscatter  min imua-time -delay  curve  generated  from  the  calculated  polynomial . 

C.  Program  for  Dotsisiuing  Overhead  Parameters  (OVERHED) 

Leading-edge  points  from  Program  PRKPR03  sad  the  critical  frequency  from  the  last  time  computed 
(or  a  rough  estimate)  are  input  to  the  program.  A  rough  calculation  of  h0  from  first-  and  eecoui- 
£op  data  points  is  nsde.  The  estimate  of  critical  frequency  and  bQ  are  used  as  guides  an  choosing 
a  set  of  data  points  from  the  first-hop  vertlcal-lncldenca  data.  The  equation  for  time  delay  (or 
virtual  height)  at  vertical  incidence  in  a  parabolic  layer  is  then  fit  by  leest  squares  to  the  dsra 
points: 


where 

h  =  virtual  height 
f  =  operating  frequency 
7^  =  layer  semithickness 
t.  »  critical  frequency  of  the  layer 
i»0  »  height  of  bottom  of  tho  layer. 

The  equation  is  solved  for  the  unknowns  of  y^,  *c>  and  h„  by  least  squares.  ‘Jot  each  value  of  fc, 
•a  analytical  determination  of  hc  and  ya  uy  be  made.  The  value  of  crltica.  frequency  is  found  by 
iterating. 

The  final  result  is  checked  against  all  the  data.  If  all  the  necessary  criteria  are  met,  the 
values  are  accepted;  otherwise  they  are  rejected.  Figure  8  slows  result*  of  estimates  made  o.'sr  a 
4 .5-hour  period.  Tho  calculated  critical  frequencies  are  comp&i'eo  with  critical  frequencies  from  a 
nearby  verilcal-ircidenca  station. 

IV  RESULTS 

Figure  9  shows  contours  generated  from  these  programs,  using  the  digitized  backscatter  data 
from  nine  antennas  It  has  been  difficult  to  check  cur  results,  because  of  a  lark  of  vertical- 
incidence  data  ax  the  time  tho  data  were  taken ,  bet  data  froo  the  one  strtioc  that  was  available 
within  the  observation  area  and  the  one  Just  outside  tie  area  agreed  quite  well.  Wo  expect  to  have 
■ore  vertical-incidence  data  available  in  the  future  ior  checking . 
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SUMMARY 

Recent  ionospheric  mapping  results  obtained  using  a  narrow-beam  HF  scan  radar  at  the 
Institute  fo-  Telecommunication  Sciences  of  the  ESSA  Research  Laboratories  at  Boulder, 
Colorado  are  presented.  These  include  skip  distance  contour  maps  at  aeveial  different  fre¬ 
quencies  for  a  mid  latitude  location.  Also  given  is  a  technique  for  obtaining  ionospheric  plasma 
frequency  as  a  function  of  virtual  height  values  from  remote  backscatter  measurements.  This 
technique  yielded  a  5  percent  mean  algebraic  error  and  a  standard  deviation  of  11  percent  when 
compared  tc  vertical  ionosonde  data  during  nondisbirbed  periods.  Using  HF  Doppler  back¬ 
scatter  and  spectral  separation  techniques,  ground  features  such  as  coastlines  may  also  be 
mapped. 
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IONOSPHERIC  MAPPING  BY  BACKSCATTER 

J.  C.  Blair,  R.  D.  Hunaucker  and  L.  H.  Tveten 
Institute  for  Telecommunication  Sciences 
Environmental  Science  Services  Administration 
Boulder,  Colorado  80302  U.S. A. 


1.  INTRODUCTION 

The  potential  usefulness  of  backscatter  for  remotel--  sensing  the  state  of  the  ionosphere 
has  long  been  recognized.  In  its  early  development,  this  technique  was  considered  valuable 
for  finding  skip  distances  in  many  directions  from  a  single  location.  Considerable  work  was 
done  in  the  1950's  and  early  60's  by  Shearman  (1956),  Silberatein  (195/' ,  and  others,  who 
showed  relationships  between  propagation  conditions  and  backscatter  returns.  In  spite  of 
promising  results  reported  from  these  experiments,  little  if  any  use  has  been  made  of  the 
backscatter  technique  in  monitoring  communication  circuits  for  frequency  selection. 

•Earlier  backscatter  installations  suffered  from  such  inadequacies  as  low  power,  in¬ 
ability  to  measure  Doppler  phifts,  and  lack  of  directivity.  At  ITS  we  have  found  that  narrow- 
beam  scanning  antennas  used  with  high  frequency  backscatter  make  it  possible  to  map  skip 
distances  ar.d  plasma  frequencies  as  a  function  of  virtual  height. 

2.  SCANNING  ANTENNAS 

Two  scanning  arrays  are  used.  One,  called  the  azimuth  array,  has  a  fan-shaped 
pattern  narrow  in  azimuth  ard  wide  in  elevation  and  is  scanned  over  a  sector  of  azimuth.  The 
other,  called  the  elevation  array,  has  a  fan-shaped  pattern  wide  in  azimuth  and  narrow  in 
elevation  and  is  scanned  over  a  sector  in  elevation.  The  scar,  system  for  the  ITS  high-resolu¬ 
tion  EF  receiving  array  is  located  at  the  ITS  Table  Mountain  field  site  north  of  Boulder, 
Colorado. 

The  arrays  are  shown  in  figure  1.  The  500-ft  mast  contains  the  10  log  pel  iodic 
antennas  that,  together  with  their  ground  images,  make  up  the  elevation  array  aperture. 

The  azimuth  array  is  made  up  of  25  log  periodic s  spaced  17.67  m  apart.  Its  uperture  is 
1392  ft  and  the  effective  aperture  of  the  -levation  array  is  1000  ft.  Each  of  the  array 
element  outputs  is  fed  into  its  own  preamplifier-converter  circuit  and  then  combined  with 
the  others  to  form  a  narrow  beam  that  can  be  steered  over  a  sector.  A  broad  front  end 
allows  tuning  by  the  choice  of  local  oscillator  frequency  .ml-.-  The-  local  oscillator  it  an 
electronically  controlled  frequency  synthesizer  by  which  frequency  c.-a  bo  changed  i.-  iess 
than  a  millisecond.  The  beam  is  tormed  and  steered  with  mechanically  driven  phase-shift 
capacitors  operating  on  the  lc-cal  oscillator  frequency  fer  a  second  conversion  in  the  indi¬ 
vidual  converters. 

The  azimuth  array  scans  a  total  sector  of  90°  with  a  2  J  beamwidth  when  operated  at 
12  MHz.  Both  the  sector  and  be  am  width  decrease  with  frequency.  A  horizontal  beamwidth 
of  1.4  and  a  total  sector  of  40  are  obtained  at  25  MHz.  The  vertical  antenna  has  a  beamwidth 
of  4.2°  and  scans  from  3°  to  52°  at  12  MKz:  at  25  MHz,  the  fceamwidtn  is  2,0C  and  the  scan 
sector  includes  1.5  to  22°.  More  complex  description;)  of  this  instrumentation  and  observa¬ 
tions  of  various  ionospheric  phenomena  have  been  reportea  by  Hunsucker  and  Tveten  (1967), 
Tveten  and  Hunsucker  (1969),  and  Hunsucker  (196?). 

Figure  2  is  an  example  of  ar.  aairr.uth-elevdti.~T.  backscatter  record.  The  azimuth 
sweep  as  a  function  cf  bockscette j  delay  is  on  the  left;  the  variation  between  elevation  angle 
ana  backscatter  de-sy  is  on  the  right.  The  two  antenna  systems  are  scanned  simultaneously 
at  1/12  scan  per  second.  The  record  shown  vas  made  at  i5. 7  MHz.  The  azimuth  sweep 
covers  the  range  of  81.3°  to  J46.?°;  hnresight  azimuth  is  114°.  The  lobe  pattern  of  the 
rhombic  transmitting  antenna  is  evident  in  the  ezimuth  scan  record. 

The  azimuth  array  is  useful  for  skip-distance  mapping  and  the  elevation  recoras  c-n 
used  to  imp  plasma  frequency  versus  virtual  height 

?.  SKIP  . DISTANCE  MAPPING 

fie  concept  cf  deterimniug  skip-distance  from  high  frequency  backscatter  is  now 
quite  old.  Silberctem  (r95C)  used  sweep  frequency  backscatter  with  rhombic  antennas  to 
estimate  maximum  i. cable  frequencies  over  a  specivic  2400  km  path  which  war  simultaneously 
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observed  with  an  oblique  sweep  frequency  sounder  to  measure  the  MliF's  directly.  This  path 
was  rflso  sounded  at  the  midpoint  by  a  vertical  incidence  sounder.  The  significant  result  of  this 
s*udy  was  that  the  MUF'e  could  be  estimated  from  backscatter  with  a  median  error  of  0.  5% 
with  90%  of  the  errors  falling  between  -3.9  and  +6  3%.  This  w&3  more  accurate  and  with  less 
dispersion  than  by  the  conventional  application  of  transmission  curves  to  the  midpoint  vertical 
ionograrr. 

Backscatter  skip  distance  mapping  with  a  high  resolution  scan  system  plots  path  lengths 
at  different  azimuths  for  given  h.UF  values  instead  if  determining  MUF'c  at  specific  path 
lengths.  Oniy  relatively  crude  estimates  of  reflection  height  are  necessary  since  the  rate  oi 
change  of  ground  range  with  reflection  height  at  a  constant  delay  is  approximately  unity  over 
the  ranges  of  interest.  Ground  range  estimates  are  also  relatively  insensitive  to  path  asym¬ 
metries  caused  by  ionospheric  tilts  of  normal  magnitudes. 

In  a  plot  of  ship  distance  versus  azimuth  at  a  given  frequency  the  ruesaon  of  error  ir. 
aaimurh  position  may  also  arise.  On  simple  one-hep  paths  such  as  these  it  is  only  rarely  that 

1  zimuth  deviations  exceed  one  degree.  Even  over  a  3600  km. path  this  figure  would  result  in 
rn  erro-  of  about  60  km.  Shorter  paths  and  smaller  deviations  will  re  suit  ir.  proportio  ately 
small  ”  errors.  At  very  short  ranges  (<  700  km)  the  errors  increase  because  the  minimum 
delay  s  gr.a)  no  longer  very  closely  approximates  the  skip  distance  (Hunsucker,  1969),  and  the 
rate  of  change  of  ground  range  with  reflection  height  at  a  constant  delay  rapidly  increases 
requir-ng  more  precision  in  knowledge  of  reflection  height.  However,  these  ranges  near  the 
sounder  location  are  often  not  of  great  interest  anyway. 

Thus.over  most  'f  the  ranges  of  interest  (~  70c  ion  -.3000  km)  the  errors  in  snip  distance 
maps  are  not  mere  than  c  few  tens  of  kilometers  -  an  accuracy  quite  adequate  for  many  appli¬ 
cations. 

Figure  3  shows  a  skip-distance  map  for  five  different  frequencies  that  was  made  with 
the  high- re  solution  arrays  and  bacxscatter  transmissions  at  0753  MST,  Feb.  17,  196? 

(Tveten  and  Hunsucker,  1969).  The  azimuth  and  elevation  versus  backscatter  delay  are  traced 
for  clarity.  The  elevation  records  are  useful  in  establishing  the  general  propagation  mode 
structure  and  the  effective  reflection  heights  for  determining  the  g; ound  range.  There  is 
obviously  considerable  variation  in  the  skip  ranges  with  azimuth.  J*  is  net  yet  certain  that  all 
the  areas  receiving  the  signal  are  included  in  ranges  greater  than  those  indicated  by  the 
appropriate  skip-distance  contours,  but  it  is  reasonably  certain  that  the  ranges  beyond  the 
indicated  skip-distance  contours  do  receive  the  signal.  Thus,  high-resolution  backscatter 
measurements  could  be  useful  in  determining  area  ground  coverage  for  telecommunication 
oystems. 

4.  PLASMA  FREQUENCY  MAPPING 

Using  the  elevation  scan  data,  one  can  determine  plasma  frequency  as  a  function  of 
virtual  height  for  the  distant  ionosphere.  To  illustrate  the  technique,  we  find  from  figure 

2  that  a  backscatter  delay  oi  10  ms  corresponds  to  ar.  elevation  angle  of  about  17°.  Figure 
4  shows  a  transmission  curve  similar  to  the  one  developed  by  Smith  (1939),  except  that  this 
one  is  parametric  in  ionospheric  path  delay  time  instead  of  ground  range.  To  use  this  curve, 
one  determines  the  intersection  of  elevation  angle  and  delay  time.  With  a  delay  of  10  ms 
and  an  elevation  angle  of  17°,  the  inte-section  occurs  at  a  virtual  height  of  about  265  km  and 
a  sec  <i>  value  of  above  2. 6.  Qiinding  the  operating  frequency  of  15.7  MHz  by  2.  6  as  required 
by  the  secant  law  resu'ts  in  a  plasma  frequency  of  6  MHz  a:  a  virtual  height  of  265  km.  In 
this  manner,  by  using  many  points  on  the  elevation-angle  delay  record,  one  could  generate 

a  vertical  incidence  F-iavei  trace  similar  tn  that  seen  ou  an  ionogrzm,  assuming  the  iono¬ 
sphere  to  be  uniform  over  the  range  involved. 

Given  the  virtual  height  and  delay  rime,  it  is  simple  to  calculate  the  ground  range  to 
the  point  on  the  earth's  surface  under  the  ionospheric  point  calculated.  Giver,  backscatter 
delay  time-elevatior.  angle  records  on  different  frequencies,  one  can  determine  vertical 
profiles  of  frequencies  versus  virtual  height  at  different  ranges  from  an  observing  point.  The 
above  calculations  must  assume  at  least  local  ionospheric  concentricity  to  be  valid. 

5.  ACCURACY  OF  THE  TECHNIQUE 

5.  1  Tests  of  Accuracy 

1  he  accuracy  to  which  plasma  frequency  can  be  measured  by  the  backscatter  technique 
was  lcsu.il  by  ,  vertical  sounder.  For  the  backscatter  plasma  frequency  measurements,  we 


used  the  high-resolution  receiving  antenna  system.  The  illuminated  azimuthal  sector  was 
limited  by  use  of  a  rhombic  transmitting  antenna.  The  vertical  sounder  was  located  at  Ponce 
City,  Oklahoma.  Plasma  frequency  versus  height  was  measured  from  the  elevation -angle 
scan  records  at  ranges  corresponding  to  the  sounder  location  and  at  timer  the  sounder  was 
running  by  using  a  computer  program  solution  of  ihe  transmission  equation!'.  About  2i  J 
plasma  frequency  versus  height  measurements,  made  over  a  period  of  about  a  year,  were 
checked  against  those  measured  with  the  sounder. 

Comparison  of  the  data  showed  a  5  percent  mean  algebraic  error  and  a  standard 
deviation  of  about  11  percent  for  quiet  ionospheric  periods.  The  algebraic  error  can  be 
corrected  by  a  modification  in  the  scaling  technique.  Corresponding  figures  for  disturbed 
periods  were  considerably  higher. 


5.2  Sources  of  Error 

The  accuracy  of  the  backscatter  plasma  frequency  mapping  described  is  dependent 
upon  the  magnitude  of  ionospheric  ionization  gradients.  These  gradients  can  cause  plasma 
frequenev  estimates  to  be  applied  at  the  wrong  heights  and  the  wrong  ranges.  Errors  are 
most  serious  for  plasma  frequencies  near  the  critical  frequency  at  long  ranges.  Besides 
an  effective  pure  tilt  effect,ionospheric  gradients  can  generate  an  asymmetry  in  the  iono¬ 
spheric  part  of  the  ray  path  befoie  and  after  reflection;  however,  this  is  probably  not  too 
serious  a  problem.  For  an  F  region  reflection  the  ray  is  in  the  strongly  ray  deviating  part 
of  the  ionosphere  for  perhaps  200  km  in  range.  Even  with  a  fairly  strong  critical  frequency 
gradient  of  1  kHz/'<m  there  would  be  only  a  200  kHz  differential  across  this  range  interval. 

What  is  needed  to  improve  the  backscatter  plasma  frequency  mapping  is  the  measure¬ 
ment  of  another  pe-ameter  besides  •. .evasion  angle  and  delay  .ime  to  explicitly  define  the 
virtual  ray  path  geometry  involved. 

A  parameter  which  fulfills  this  requirement  is  groui.d  ran-3e.  Thus  the  tilt  problem 
can  be  corrected  for,  at  least  partly,  by  measuring  delays  and  elevation  angles  from  fixed 
targe'.s  of  known  range.  One  such  target  is  a  coastline  where  the  land-sea  interface  can  be 
identified  by  Doppler  techniques  (Blair  et  al.  ,  1969). 

The  record  in  fi^.-^e  5  shows  how  this  technique  was  used  to  map  the  southeast  United 
States  coastline.  The  high- ;-u solution  azimuth  array  was  steered  slowly  through  its  sector 
while  receiving  and  coherently  detecting  backscatter  from  pulsed  transmissions  that  illuminated 
the  earth's  surface  at  long  ranges  The  coherent  signals  were  processed  through  a  multiple- 
range-gate  spectrum  analyzer  and  the  non-Doppler  shifted  ground  scatter  components  (excluding 
the  Doppler- shifted  sea  scatter)  were  used  to  brighten  a  range-azimuth  oscilloscope  display. 

The  dotted  line  shows  the  position  of  the  coastline  as  it  would  transform  to  this  display  with 
an  ionospheric  height  of  270  km.  The  correspondence  is  quite  good.  Figure  6  shows  the  same 
display  with  all  backscatter  components. 

6.  POSSIBILITIES  OF  BACKSCATTER  MAPPING  TECHNIQUES 

If  plasma  frequencies  versus  virtual  heights  could  be  measured  for  a  number  of  azimiltb* 
as  well  as  ranges,  a  map  of  the  information  could  be  used  for  real-time -frequency- selection 
for  HF  comrau.ucation  circuits  over  a  wide  area  regardless  of  whether  the  ba-kscatter  sounder 
were  located  at  a  communications  terminal.  Such  maps  wo  ild  of  course  also  be  of  great  value 
in  ionospheric  studies. 

The  restricticn  of  the  azimuth  sector  over  which  a  given  elevatioc-angle-versus-back- 
scatter-delav  measurement  is  made  constitutes  one  of  the  difficult  problems  to  be  overcome 
in  real-time  plasma  frequency  mapping.  This  restriction  is  necessary  to  detect  ionospheric 
geographic  variations.  Either  a  narrow  azimuth  transmitting  beam  or  a  narrow  receiving 
beam  would  be  suitable-  It  may  be  possible  to  aoply  a  Mills  cross  correlating  technique  to 
obtain  a  pencil  beam  that  can  be  scanned  over  tuth  a  sector  in  elevation  angle  and  a  sector  in 
azimuth. 
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ABSTRACT 


Results  of  a  year’  s  observations  of  the  amplitude  variations  of  pulsed- CW  sround-vhe- 
world  (P.TW)  transmissions  on  selected  frequencies  from  Manila  at  320°  azimuth  are  described. 
For  scheduling  monitoring  time  and  frequencies,  a  prediction  scheme  based  on  the  RTW 
propagation  model  of  Fenwick  (1963',  was  developed.  The  model  involves  earth- ionosphere 
reflections  in  the  daylight  hemisphere  and  ionosphere- ionosphere  reflections  in  the  dark 
hemisphere,  with  propagation  possible  when  the  transmitter  is  in  the  daylight.  Using  ESSA 
world  maps  of  MS*1  (4000  km)  F2,  along  the  great-circle  path,  the  scheme  selected  as  the 
RTB  MJF  at  a  given  time  the  lesser  of  the  following  quantities:  the  least  MUF  (4000)  F2 
value  in  the  d&yside  (multihop  MUF),  and  twice  the  least  MUF  (4000)  F2  value  in  the  night- 
side  (ionosphere-ionosphere  MUF,  Grossi  and  Langworthy  (1966)'. 

Amplitude  measurements  were  made  by  range  sampling  the  RTW-delayed  echoes  during  half¬ 
minute  pi ■ sing  periods  every  half  hour,  on  several  frequencies.  The  diurnal  variation  of 
signal  amplitudes  establishes  the  key  role  of  sunrise  and  sunset  tilts  in  RTW  propagation, 
and  validate*:  the  propagation  model.  The  maximum  frequencies  observed  were  consistently 
above  the  predicted  MUFs,  the  latter  corresponding  more  nearly  to  the  frequencies  for 
optimum  RTW  signal  levels.  The  disparity  between  predicted  and  observed  MUFs  may  reflect 
the  well  known  limits  of  the  MUF  maps  employed  in  thel  predictions. 
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Introduction 

During  a  o no- year  period  in  1967-68  an  experimental  study  of  the  propagation  of  high- 
frequency  (HF)  radio  waves  around  fhe  world  (RTW:  was  carried  out  from  stations  near 
Manila.  Philippines,  -ndiating  ir.  the  direction  of  32C°  azimuth  and  receiving  at  the  com- 
plimen.ary  140°  a-;mu'ih.  The  purpoo.-  A  the  program  was  to  monitor  the  amplitude  and  the 
op-ctral  properties  ox  the  received  signals,  using  pulsed  and  phase-stable  C'W  transmissions, 
re  spactiiely.  Detert  and  Moo  (1968)  dieo’ayed  some  of  the  unusual  Doppler  effects  observed. 

In  orcei  to  specify  f-uq-.  en-ies  for  the  KTW  investigation;  procedures  were  developed  for  the 
p:cd;ction  of  usable  ireqmnc.es  during  the  day.  This  payer  describes  the  prediction  scheme 
used  and  iis  relationship  with  the  synoptic  i-ehavicr  of  the  RTW  signal  amplitudes  observed 
in  the  expo  rim'*  i. 

RTW  Propagation  Mode 

the  phenomenon  that  HF  r?uio  waves  can  (Aten  propagate  around  the  world  one  or  more 
time-s  ha3  been  known  for  many  years.  The  fi-st  sufficiently  systematic  investigation  was 
done  b /  Hess  (1945,  IS 49,  1956).  He  iWind  then  the  RT’V  pulse  echoes  had  attenuations  of  as 
little  as  5  db  per  circulation.  Thin  was  substantiated  1  at,- r  by  Luscornbe  (1957)  and  Isted 
(195 "i).  Hess  (!?40)  further  indicated  that  pulses  suftered  very  litHe  distortion  under  multiple 
circulations,  apphreut) /  not  exhibiting  multipath  distortion  that  is  experienced  fer  signals 
propagated  by  the  usual  ionoepbe re  aground  hop  modes,  isted  '1958)  concluded  from  this 
characteristic,  which  he  alto  ob>erved,  ihat  the  usual  earth-ior.ospherc-earth  hops  were  not 
involved. 

Since  1961,  Fenwick  and  Villard  at  Stanford  University  have  carried  out  intensive  studies 
for  the  purpose  of  defining  the  mechanism  A  RTW  propagation  modes.  From  measurements 
of  time  varietimU  of  MUR.  6.iTF.  optimum  azimuth,  time  delay  and  pulse  dispersion  they 
developed  a  propagation  model  which  substantially  explains  the  observed  features  of  RTW 
phenomena.  Fei.wtck  (1963)  concluded  that  the  dominant  mode  is  a  low-angle  earth-iono- 
sphe^a-aarth  hop  mode,  primarily  in  the  sunlit  hemisnhere,  plus  an  icnoupke re-ionoephero 
(iono-iono)  "tilt"  mode  in  the  tio.rk  hemisphere.  The  impel  tance  of  iono-iono  reflections 
(Fenwick  and  Villurd,  1963)  was  shown  experincenttlly  by  the  existence  of  time  periods  when 
westbound  transmissions  fioixi  Okinawa  were  readi'.y  ajoible  in  Guam  to  the  east  but  ir audible 
in  Europe,  all  stations  being  generally  along  the  same  great  circle.  Th'.s  result  is  readily 
explained  by  F-lnyer  tilts  present  at  these  times;  these  tilts  allow  the  launching  of  a  tilt- 
supported  mods  s long  the  underside  of  the  F- layer,  passing  over  the  Furopean  receivin'’  sites, 
and  the  RTW  signals  bc-ome  audible  at  the  receiver  at  Guam  when  aeljected  into  the  multi  op 
mode  by  the  Cunset  tilt. 

The  dominant  RTW  propagation  mode  suggested  by  the  Stanford  studies,  then,  is  a  configura¬ 
tion  of  classical  earth-ionosphe -e -earth  hops  in  the  daylight  remipphere,  and  an  ionospbere- 
ionesphtre  tr-.pped  mode  in  the  nighttime  hemisphere.  La’inchmg  of  the  energy  into  the  iono- 
iono  mode  is  thought  ha  a  consequence  of  horizontal  gradients,  or  tilts,  in  the  electron 
density  profile  during  the  hours  of  sunrise.  Energy  in  this  mode  would  be  returned  to  earth 
by  gradients  nssociateo  with  sunoet. 

Figure  1  shows  a  sketch  of  the  dominant  FTW  mode  for  east-to-weet  propagation.  Notice 
that  because  of  the  orientation  of  the  sunrise  and  sunset  tiits,  propagation  around  the  wor.d  is 
possible  only  when  the  transmitter  and  leceiver  ptir  are  in  daylight.  Also,  the  shallow  angle 
iono-iono  rays  induced  by  lhft  su-set  tilt  through  the  -,;ght  ic.v:  sphere  allow  RTW  transmission 
at  frequencies  in  excess  of  those  poszihfr  ordinary  r-.ultib . propa^a-'ic:..  This  mixed 
propagation  mode  was  used  as  the  basis  for  predicting  die  RTW  MUF,  ionr  selected  aznnutur, 
for  scheduling  purposes  in  the  RT  W  experiment. 

Prediction  Scheme 

In  order  to  predict  accurately  the  frequencies  which  will  be  ~bie  io  sustain  RTW  propagation 
as  a  function  of  time  of  day,  it  is  necessary  to  6now  the  propagation  modes,  critical  frequencies, 
tiits,  and  effective  absorption  index  along  the  path,  dince  Pleasured  values  of  these  pararnet ate 
are  not  availr.b’c.  it  is  usual  to  employ  predicted  median  ionospheric  conditions  expected  for 
any  j;iven  t;me  ot  cay,  season,  and  sunspot  number,  such  os  the  Ionospheric  Predictions 
published  fcy  E3S.6/ITSA  three  months  in  advance. 

li  we  assume  ihat  RTW  piopagacicn  is  by  multihop  all  along  a  chosen  great  circle  path, 
thee  a  reasonable  estimate  fot  the  MUF  for  KTW  propagation  would  be  the  minimum  MUF 


(4000  km)  value  along  the  great  circle.  Employing  tne  mere  probable  assumption  that  the 
dominant  RTW  mode  iJ  a  cumbmed  day  multihop  plus  night -ioro-iono  mode,  it  is  necessary 
to  develop  a  technique  of  prediction  which  will  vie  Id  higher  MUF  (RTW)  values  than  those 
obtainable  with  the  total  muitihop  assumption.  In  this  case  (and  excluding  absorption)  the 
time  and  frequency  avaiiatii.ty  will  depend  on  three  factors:  the  multihop  M'JF  in  the  day  path, 
th.i  ions-iono  MUF  in  the  night  c-ath,  t.A  the  orientation  o:  tilts.  Since  tht  role  of  sunrise  and 
eunset  ;.lts  is  to  lacneb  tna  extract,  respectively,  I-lF  raoiowaves  an  the  iono-iono  mode 
during  the  eas:  -to-weet  p  :op*"'p.aiioo  of  'he  RTW  sig-ala  it  is  expected  that  RTW  in  the  cura¬ 
ble1  mode  will  be  t.va->*’.»l;  oz'-y  at  tnos'  times  when  the  transmit'.-- j  is  in  the  -lay  hemisphere. 
Thut  is,  vhe^  in  procee„in7,  bv  t-rth-io-'osphe .-rib  -v  ■•'t  tjons  tc  the*  posifvely  oriented 
day-night  tilt  the  ioi.o  -icno  n  c  ;e  n  launched  into  the  right  ic  r-»8;<nere.  "Chen  the  energy 
reach* s  the  niyht- t'nv  tilt  at  the  sunset  l;a.',  it  is  defier.,  ed  into  the  moltihop  n-ode  again,  and 
crave' a  by  earth-iono  hops  to  the  receiver.  The  MUF  (RT’.V)  value  i or  a--.y  time  w'ne-  *’:e  tran’- 
mitt-!r  is  ,n  the  day  acne  may  thus  be  defined  as  the  minimum  of  *he  mult. hop  MUF  and  "the  ->no- 
io.it;  MU?'  valuec  along  the  pnth. 

The  muItibop-MUS  value  should  always  be  less  than  die  iono-ior.o  MUF  value.  Gvosei 
and  Langworthy  (1966)  have  deduced  from  ray  tracing  through  model  ionospheres  that  io.io-ionc 
modes  can  propagate  at  frequencies  up  to  roughly  twice  the  onu'tihcp  MUF  (4000  km)  alue  for 
a  given  path  segment.  With  this  observation,  the  following  procedure  was  used  for  generating 
MUF  (RTW)  predictions  for  tie  RTW  experiment,  using  the  Ionospheric  Predictions  MUF 
(4000  km)  maps  published  by  ES"A. 

V, 

1.  Cn  the  MUF  (4000  km'  map  for  a  given  universal  time,  construct  the  great  circle  fo*-  the 
desired  azimuth  through  Manila  and  across  the  ionospheric  300  km  twilight  line.  (Sunrise  and 
sunset  timec  in  the  ionosphere  as  a  function  of  latitude  have  beer,  computed  by  Colin  and  hi /era 
(1966),  among  others.)  Figure  2  shows  an  example  for  April  ly67  00  UT,  of  th-  320-degree 
great  circle  through  Manila,  and  the  300  km  twilight  line. 

Z.  Oa  the  day  portion  of  the  great  circle,  4000  km  eait  of  the  sunris'i  line,  read  the  minimum 
value  of  MUF  (4000  km).  The  reason  for  using  the  MUF  (4000  km)  value  4000  km  into  the  day 
side  from  the  sunrise  line  is  that  '.nomination  of  the  sunrise  tilt  is  controlled,  cot  by  MUF 
(4000  km)  valuec  directly  below  the  tilt,  but  by  multiaop  values  one-half  to  ore-  hop  distance 
away  from  the  ou-irise  line. 

3.  For  the  night  part  of  the  great  circle,  obtain  the  minimum  value  of  MUF  MOO"1  km)  and 
multiply  it  by  two. 

« 

4.  The  lesser  of  the  values  of  (2)  and  (3)  is  the  MUF  (RTW)  value  for  the  given  time. 

5.  Repeat  the  procedure  in  (1)  through  (4)  for  different  universal  times  to  generate  RTW 
(MUF)  values  during  the  day. 

Figure  3  shows  ffca  variation  with  time  of  MUF  (RTW)  on  a  great  circle  azimuth  of  320°, 
f.>r  January  J'567.  The  upper  curv;  gives  values  predicted  by  using  the  technique  given  above, 
while  the  lower  curve  chow?  MUF  valu:s  obtain;..!  when  assuming  only  multihop  modes  around 
the  world-  Notice  that  the  former  has  higher  frequency  values  at  all  times,  and  that  the  icao- 
iono  plus  multihop  mode  propagation,  for  frecueucies  greater  than  10  MHz,  is  possible  some 
10  hours  V*orn  purely  muitihop  modes.  Figure  4  shews  the  predicted  MUF  (RTW)  values  for 
RTW  monitoring  in  1967-68  on  three  azimuths,  providing  for  a  20-degree  azimuthal  sector 
about  the  main  bo.  esight  azimuth.  320°  (140°),  of  the  RTW  experimental  system.  In  practice, 
it  wa c  to-vr.d  that  the  predicted  MUF  (RTW)  value  was  determined  by  the  day  muitihop  MUF 
titem  2  above). 

Using  the  RTW  MUF  values  predicted  by  the  scheme  described  above,  r.;dio  frequencies 
\rere  scheduled  for  RTW  GW  monitoring.  SiDce  the  frequencies  which  were  available  were  few 
in  number,  no  attempt  was  made  to  determine  the  actual  maximum  observable  RTW  frequency- 
Thus  the  relationship  between  the  RTvV  MOF  and  the  predicted  MUF  was  net  examined.  The 
frequencies  assigned  (up  to  four)  were  picked  near  the  predicted  MUF  values  in  the  20“  sector 
about  320°  azimuth  at  Manila.  On  all  these  frequencies  RTW  propagation  was  observed. 
However,  iae  actual  maximum  observable  RTW  frequencies  appear  to  be  higher  'ban  those 
predicted.  At  least  one  reason  for  this  is  that  the  prediction  scheme  involves  die  use  of  ESSA 
MUF  maps  and  these  are  well  known  to  be  conservative,  generally  predicting  MUF  (4000  kin) 
values  well  below  those  actually  observed. 
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RTW  Amplitude  Variations 

The  ft T V.'  experimental  transmitter  and  receiver  complex  was  located  tear  Manila, 
Philippine  Islands.  CW  transmissions  of  20  kw  power  were  beamed  along  a  320°  azimuth  by 
a  >ow  angle  horizontal  rhombic  antenna.  The  receiver  inputs  wore  connected  to  a  narrow- 
be<..r.  vertical  array  antenna  directed  at  the  complimentary  140°  azimuth  for  monitoring  RTW 
rooms.  RT'A  amplitude  measurements  were  made  by  range  sampling  the  RTW-delayed  echoes 
(about  138  ms  delay)  during  half-minute  pulsing  periods  every  half  hour,  on  several  frequencies. 
Each  poising  period  consisted  of  20  seconds  of  5  pps  pulses  for  measuring  signal  amplitude, 
followed  by  10  seconds  of  no  transmission  for  measuring  noise  level. 

Figure  5  shows  examples  of  the  mean  diurnal  variation  of  RTW  signal-to-noise  ratio  (SNR) 
on  22. 0  MHz  for  August  1967  and  on  20,  5  MHz  for  September  1967.  The  arrows  SR  and  SS 
indicate  the  time  of  ground  sunrise  and  ground  sunset,  respectively,  at  Manila.  The  vertical 
bars  show'  the  average  algebraic  deviation  from  the  mean  of  the  data  for  the  time  of  day.  The 
roost  striking  aspect  of  the  variations  is  the  control  exercised  by  the  sun  in  turning  on  and 
turning  off  the  RTW  signal  level,  a  behavior  which  validates  the  propagation  model  used  ir. 
making  predictions  of  RTW  MUF. 

Figure  6  shewc  the  RTW  SNR  on  a  single  frequency  for  each  of  the  months  in  which  RTW 
monitoring  ”'?s  p'rformed.  Solar  control  is  also  generally  evident.  The  frequency  chosen  for 
display  each  month,  from  up  to  four  in  number,  was  one  onwhich  the  SNR  was  generally  largest 
during  the  day.  Comparison  with  the  predicted  MUF  (RTW)  graphs  in  Figure  4  shows  that  the 
predicted  MUFs  more  nearly  corresponds  to  the  frequencies  for  optima.!!  RTW  signal  levels. 
Because  of  the  small  number  of  channels  monitored  in  the  RTW  expei'-'snt  the  MOFs  and  the 
exact  frequencies  for  highest  SNRs  could  not  be  determined. 

Conclusions^ 

The  diurnal  variations  of  RTW  signal  levels  have  validated  the  RTW  propagation  model  on 
which  predictions  of  RTW  MUFs  were  based.  The  fact  that  frequencies  higher  than  predicted 
were  frequently  observed  may  reflect  the  well  known  conservative  nature  of  the  MUF  (4000  km) 
maps  used  in  making  predictions.  The  presence  of  other  ionospheric  tilts,  other  than  sunrise 
and  sunset,  could,  of  course,  contribute  to  the  higher  frequencies  observed,  but  these  tilts  are 
perhaps  not  large  enough,  nor  systematic  enough,  to  explain  the  observed  higher  frequencies. 
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Figure  1:  Sketch  of  dominant  RTW  propagation  mode 
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Figure  2:  320°  great  circle  path  through  Manila  and  twilight 
line  on  MUF  (4000  km)  map. 
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ABSTRACT 


Analyses  of  satellite  data  developed  at  R.S.R.S.  for  prediction  purposes  are  discussed, 
lata  from  the  circular  orbit  satellites,  Alouette  I  and  Ariel  III  are  used,  the  foraer 
primarily  for  delineating  rapid  changes  in  foF2  wich  position,  the  latter  primarily  to 
explore  the  probable  characteristics  of  the  ionosphere  in  regions  where  ground  based 
observations  are  not  available.  The  data  disclose  some  new  ionospheric  phenomena  and  can 
be  usee  to  give  rules  for  extrapolating  into  zones  where  little  or  no  data  are  available. 
Surprisingly  large  differences  are  found  between  the  N  and  S  hemisphere  at  corresponding 
seasons.  Ac  analysis  has  been  made  of  ridges  of  ionisation  and  it  is  shown  that  the  tilts, 
associated  ^ith  these  can  enable  oblique  incidence  reflections  to  follow  the  ridges  as  they 
move  cboul.  Equivalent  ridges  can  be  computed  at  the  most  probable  position  and  used  for 
HP  predictions.  This  makes  large  differences  in  the  predictions  for  certain  times  and 
zones.  The  data  can  also  be  used  to  estimate  the  probable  importance  of  new  observing 
sites. 


Introduction 


The  objeot  of  this  paper  is  to  present  some  data  on  the  properties  of  the  P  layer  obtained 
mainly  from  Ariel  III  and  Alouette  I  satellites  and  show  how  they  can  be  used  for  inproving 
predictions.  Only  a  sample  of  tha  data  available  has,  at  present,  been  studied,  and  fuller 

evidence  for  the  statements  made  below  will  be  presented  elsewhere. 

Ground-based  souudirg  data  desoribe  the  properties  of  about  a  quarter  of  the  area  of  the 
ionosphere.  A  wider  sample  might  indicate  new  relationa  or  even  new  phenomena  at  present  regarded 
es  random  discrepancies  between  observations  and  should  also  indicate  where  new  obaervationa  are 
moot  likely  to  be  worthwhile. 

At  first  sight,  satellite  data  appear  very  unpromisiig  material  for  prediction  purposes.  The 
number  of  saaples  of  reliable  data  available  is  usually  too  small  to  use  without  developing  new 
procedures.  3he  topside  sounders  have  been  mainly  limited  to  real  time  data  covering,  in  more 
detail,  * ones  where  there  are  already  ground-based  data,  and  the  data  obtained  often  lack  the 
critical  parameters  -  foP2  or  fx?2  and  the  height  of  maximum  density  hmP2.  However,  they  can  give 
useful  information  about  the  statistical  properties  of  ridges,  e.g.  by  using  Ecoles  (196?)  technique 
am  show  the  raige  of  heights  over  which  the  electron  density  is  simply  related  to  that  at  hm?2. 

Probe  data  can  be  readily  recorded  with  a  simple  tape  reoorder  on  the  satellite  but  must  be 
extrapolated  in  height  for  prectioel  applications.  Our  investigations  show  that  this  problem  can 
be  solved  at  least  partially  for  a  satellite  in  a  near  circular  orbit,  at  about  530  k*  altitude, 
but  the  diffioultiee  increase  rapidly  with  altitude.  5he  main  difficulty  arises  baoause  the 
relation  between  the  plasma  frequency  at  the  satellite,  fs,  and  the  critical  frequency,  fo72, 
depends  on  the  difference  between  the  height  of  the  satellite,  he,  and  of  the  level  of  maximum 
electron  density,  hm72,  i.e.  fcs-hm72,  whioh  is  not  known  in  the  unaonitored  areas. 

rfe  are  indebted  to  Professor  J.  Sayers  of  Birmingham  University  for  permission  to  use  his 
electron  density  and  electron  temperature  measurements  made  on  the  CK/US  satellite  Ariel  HI.  The 
electron  density  data  are  believed  to  be  reliable  to  +10JJ,  the  electron  temperatures  drift  in  time 
slowly  and  are  much  too  high.  Temperature  differences  over  a  few  days  are  reliable  and  this  is  all 
that  is  needed  for  our  purposes.  The  equipment  in  this  satellite  hae  been  described  by  Wajer  (1968), 
Slackens ie  and  Sayers  (1966)  and  Wilson  and  Garside  (1968). 

At  -this  stage  in  the  analyses  we  shall  be  mainly  concerned  with  the  properties  of  fs  and  the 
rules  whioh  can  be  deduced  from  them.  Some  deductions  about  foF2  will  be  presented  but  the 
extent,  in  space  and  time,  for  which  the  conversion  can  be  accurately  made  is  not  as  yet  shown. 

As  the  longitudinal  perturbations  for  most  hours  of  magnetically  quiet  days  agreed  remarkably  well 
with  the  predictions  of  wind  theory  the  appropriate  comparisons  will  be  drawn  at  an  early  stage. 

Ariel  XU  orbit 

Ariel  HI  is  in  a  poleroorbit  and  covers  the  latitude  range  8l°N  to  81  °S;  ouccessive  orbits 
are  spaced  almost  exactly  24  apart  in  longitude,  so  that  15  orbits  are  completed  each  day  apart 
from  a  slip  of  about  2  in  longitude  (9  minutes  in  U1T) ,  between  corresponding  orbits  on  successive 
days.  The  same  UCT  at  the  equator  is  repeated,  within  3  minutes,  after  exactly  80  days  for 
reversed  path  and  160  days  for  corresponding  path.  Data  for  either  7  or  6  days  in  succession  will 
be  within  +3C  minutes  of  a  given  hour. 

The  height  of  the  satellite  has  varied  between  about  500  km  ani  610  km  and  the  apogee  returns 
to  the  same  latitude,  having  completed  a  cycle,  in  112  days.  To  a  first  approximation,  comparisons 
rx  constant  h®  between  solstices  or  equinoxes  can  be  made  without  correction  for  changing  satellite 
height  and  spogee  but  this  is  important  in  exact  analysis. 

It  is  convenient  to  divide  the  orbit  into  four  overlapping  seotors:- 

(a)  70°3  to  70°N 

ib)  70  N  to  70  3 
(oj  Above  56?N 
(A)  Above  56  3 

These  have  been  mapped  separately,  using  different  projection  schemes  for  (a)  (b)  and  for  (c)  (d). 
Only  data  from  sectors  (.'0(b)  will  be  discussed  in  this  paper. 

In  practice  the  desired  data  was  only  recorded  for  a  maximum  of  12  out  of  the  15  orbits  each 
day  and  was  sometimes  interrupt'd  to  allow  real  time  data  and  playback  to  occur.  Sms  in  general 

between  60JJ  and  70 %  of  the  orbits  for  any  day  provided  usable  data.  Reasonably  full  oovarsge  was 
obtained  for  the  periods  Kay-Deoember  1967  (days  126-355  in  1967),  Jenuary-February  (days  7-57, » 
and.  March- April  (days  83-105)  in  1968. 


Irperiaental  procedure 


7t  .■‘.a  fundeaental  to  (in  investigation  where  so  many  factors  can  alter  to  throw  the  data  into  a 
form  whioh  holds  js  many  factors  constant  os  possible.  This  is  relatively  easy  with  satellite  dava 
since  both  the  14*5  and  haight  of  the  satellite)  do  not  change  significant ly  for  oorrsapondiig  points 
at  constant  latitude  in  successive  orbits  over  a  day.  There  can  be  large  day-to-^ay  charges  eo 
that  it  is  oonvenient  to  map  the  ionosphere  for  units  ~f  ore  day  in  U.T.  ?cr  each  latitude  longi¬ 
tude  changes  ere  shown  at  constant  LKT.  This  also  has  groat  advantages  oaen  oooparising  with 
theory  since  attention  can  be  oonoentraied  or  longitudinal  perturbations  of  the  ?  layer  structure 
rather  than  the  auoh  more  difficult  proMen  of  cxpla.nirg  its  exact  form.  Permanent  and  aemi- 
paraanent  featurea  of  the  longitudinal  modulation  can  then  readily  be  recognised. 

The  original  Ariel  HI  data  for  each  day  was  spread  over  a  number  of  tapes  fr-jra  different 
souroes,  eome  delayed  by  up  to  eix  months  relative  to  the  main  batch.  Thus  a  major  oortirg  job 
was  needed  to  put  the  data  into  usable  form  with  the  data  sorted  by  date  and.  time.  This  was 
successfully  solved. 

The  7D°S  to  70°N  and  70°N  to  70°S  mapsoare  piinted  by  the  goarputar  on  a  reotangular  graticule 
of  latitude  and  lorgitude  with  soales  of  12  of  latituoe  and  40  of  lorgitude  to  an  inoh.  Contours 
at  1  HHs  intervals  are  added  by  hand  and  the  intervals  colour  coded.  is  the  data  are  incomplete , 
contouring  cannot  be  easily  done  by  computer  methods.  An  exasmls  is  shown  in  r.gure  )  together 
with  the  LMT  variation  with  latitude  relative  to  the  mean  LHT  of  the  equator.  for  an  oi bit  in  the 
opposite  direction  the  sign  of  the  correction  is  reversed  but  the  magnitude  is.  unol  .ered.  At  ■‘he 
equator  the  UCT  for  the  Northbound  and  Southbound  maps  are  exactly  12  hours  apart;  a  latitude 
^6°,  where  the  time  shift  is  one  hour,  the  XKT's  are  separated  by  10  or  14  hours  respectively. 

The  correction  is  Important  when  comparing  Northbound  and  Southbound  maps  or  Northern  and  Southern 
hemisphere  phenomena  at  latitudes  greater  than  about  40°. 

The  electron  density,  N,  at  the  satellite  can  vary  from  between  about  3.1C^  to  about  10^ 
electrons  per  oo,  an  inconvenient  range  for  tabulating,  so  these  were  converted  to  plasma 
frequencies  fa  using  the  usual  relation 

fa2  =  8.05. 10“% 

where  fs  is  in  KHz.  The  equipment  saturates  at  fs  =  9.6  MHu  and  is  nonlinear  above  about 

f»  =  9-3  NHm.  This  is  s  serious  limitation  at  certain  hours  and  seasons,  preventing  analysis  over 

considerable  ranges  of  latitude  and  longitude. 

Ground-baaed  observations  suggest  tfcat,  at  mar  oonatant  LNT,  contours  c-f  constant  fs  ohculd 
follow  the  dip  latitudes  to  a  first  approximation.  This  oar  ue  tested  conveniently  by  preparing 
on  overlay  of  dip  latitude  on  the  scale  of  the  maps  (dip  latitude  -  ten”  (5  tan  dip)),  ?ig.  2. 

In  the  majority  of  examples  the  expeoted  result  is  not  found,  the  most  obvious  structures  being 
often  North-South  instead  of  Sast-Weat.  Bvea  when  the  structures  near  the  equator  look  similar  to 
the  dip  latitude  curves  they  are  usually  shifted  East  or  West  relative  to  thorn  by  about  +30°  in 
longitude,  depending  on  time  of  day  and  season.  Comparisons  in  other  coordinate  systems  (L  shells, 
magnetic  longitude,  constant  B,  etc.)  have  also  been  made  using  the  same  technique. 

General  features  of  the  maps  of  fs 


Comparison  of  maps  for  different  days  shoes 

(<0  The  variation  of  fs  with  longitude  in  the  Southern  hemisphere  is  very  lerge  in  amplitude  often 
3:1  and  shows  one  main  maximum  and  nindmum. 

(b)  The  corresponding  variation  of  fs  with  longitude  on  the  Northern  hemisphere  usually  shows  two 
maxima  and  two  minima,  normally  with  different  amplitudes. 

(o)  For  aagnetioally  quiet  days,  the  longitude  of  thsse  maxima  and  minima  are,  to  a  first  appro  ja¬ 
ms  tian,  independent  of  soason  hut  vary  with  LKT  and  latitude. 

(d)  At  latitudes  South  of  about  4°°S  the  perturbation  moves  with  Lid  or  probably  more  accurately 
with  magnetic  time,  through  360°  of  lorgitude  in  24  hours  and  the  phase  also  varies  with 
latitude. 

(e)  At  night  the  maxima  at  different  latitudes  can  often  be  followed  from  the  S.uthem  hemisphere 
across  the  equator  to  link  up  with  one  of  the  maxima  in  the  Northern  hemisphere.  This  is 
present  with  a  seasonal  ihUt  ftt  Hi  B&lstiCio* 

(f)  The  average  values  of  fs  ovor  all  longitudes  often  vary  rapidly  with  magnetic  activity  Caro 
has  been  taken  to  allow  for  this  when  comparing  data  taken  at  different  epochs. 

(g)  A  feature  of  many  maps  Is  the  presence  of  semi-peroansnt  'fingers'  of  abnormal  ionisation 
affecting  a  single  orbit  only;  these  are  discussed  in  more  detail  below. 


(hi  Certain  i-onej  appear  to  have  ah  norma?  ly  large  or  stall  values  of  fs  for  long  periods  of  tune, 
'"heye  are  linked  with  the  magnetic  field  disposition  over  the  world,  e.g.  theta  is  a  high  over 
the  rlcuth  Atlantic  anomaly . 

(i)  Considerable  changes  are  often  seen  v r tween  megnetioaMy  q ''let  and  disturbed  (lays.  Most 
commonly,  ir.  1 he  latter,  the  standard  longitude  perturbation  is  shifted  considerably  or 
replaced  by  a  completely  different  pattern  and  particular  orbits  often  show  extended  ranges 
of  latitude  mere  fs  is  abnormal. 

lone  theoiT  tlcal  considerations 

heat  of  the  variations  of  fs  with  longitude  for  magnetic! ally  quiet  days,  described  above  are 
closely  _i.ir.llar  to  those  predicted  by  Kohl,  King  and  Socles  f f 566)  in  a  theory  of  wind  effects  on 
ionisation  in  the  F  region.  The  wind  pushes  the  ionisation  up  or  down  the  field  lines  to  heights 
with  differing  loss  rates. 

The  theory  gives  an  electron  distribution  as  a  function  of  time  of  day  and  height  for-  a  given 
epoch  which  is  dependent  on  proper  assumptions  about  scale  height,  loss  rates  and  ion  production. 

I-t  is  conceivable  that  these  are  not  correct  or  that  additional  processes  are  present  not  included 
in  the  theory.  Those  could  charge  the  s'lape  of  the  electron  distribution  with  height  but  are 
unlikely  to  change  the  positions  of  the  extreme  values  at  a  given  latitude  when  these  are  mainly 
determined  by  the  geometry  of  the  Magnetic  field.  In  fact  both  the  calculated  and  observed 
positions  do  not  vary  much  with  model,  though  the  absolute  values  are  very  sensitive  to  the 
assumptions  made  and  seldom  fit  the  observed  data.-  We  are  particularly  interested  in  whether  the 
theory  predicts  nurim  and  st  uie  correct  longitudes  and  gives  Idle  right  form  for  the  longi¬ 

tude  changes,  hut  we  can  disregard  differences  in  absolute  value. 

Wind  perturbation  depends  on  both  the  declination  of  the  magnetic  fit  Id  and  the  angle  of  dip, 
both  of  which  vary  with  position.  To  obtain  a  theoretical  description  of  the  longitude  pertur¬ 
bation  the  electron  distributions  are  computed  st  a  number  of  different  longitudes  adopting  the 
same  wind  system  and  basic  aeaump..  .ons  but  putting  in  the  local  dip  and  declination.  To  a  first 
approximation  this  should  give  the  longitude  perturbation  for  the  latitude  involved,  which  may  be 
compared  with  the  experimental  observations.  Fig,  3-  In  this  figure  the  computed  values  of  fa 
have  been  multiplied  by  a  constant  factor. 

A  mass  plot  of  the  positions  of  the  caeime  in  the  North  against  LIST  for  all  days  with  Kp  <  12, 
Fig.  4,  looks  extremely  complex  hut  if  plotted  against  the  theoretical  positions  of  the  maxima. 

Fig.  5,  is  in  remarkable  agreement  bearing  ir.  mind  that  the  longitudes  are  only  sampled  at  24°  and 
30°  intervals  in  the  two  parameters  and  3o-ie  longitudes  are  missing  in  the  experimental  study  and 
day-to-day  charges  in  mean  fs  can  shift  the  position  of  the  maxima. 

The  corresponding  pattern  for  55°S  is  also  in  fair  agreement  w  - th  the  theory,  though  height 
changes  with  longitude  are  core  importent  in  this  case. 

The  principal  cause  of  the  difference  between  North  rnd  South  can  be  readily  understood  bvQ 
reference  to  Fig,  6  which  shows,  as  an  example,  the  relative  positions  of  magnetic  latitudes  70  S 
and  70°N  and  geogrephio  latitudes  +70°.  In  the  Sou^h  there  is  one  zone  where  the  magnetic  latitude 
?a  at  lower  latitudes  than  the  geographic,  in  the  North  two.  The  wind  interaction  with  the 
magnetic  field  dapruda  on  the  aifference  in  latitude  and  on  the  wind  direction. 

it  should  be  noted  that,  while  the  longitude  variations  of  hm  are  not,  in  general,  in  phase 
with  those  of  fs  ana  foF2,  tne  difference  seldom  alters  the  relative  position  of  the  extreme  values 
of  fs  and  foF2  signit  iear tly.  Thu  ,  the  difference  between  the  shape  of  the  fs  curves  with  longi¬ 

tude  at  constant  latitude  and  those  predicted  for  foF?  shows  where  the  latter  are  likely  to  be 
incorrect. 

Large  scale  changes  in  fs  with  longitude 

Bven  a  superficial  inspection  of  ■'•he  maps  shows  that  the  mairima  and  minima  of  fs  at  each 
latitude  move  systematically  with  LtfT.  The  detail  of  the  use  cement  is,  however,  complex,  particu¬ 
larly  in  the  North  wnere  there  erf  usually  two  maxima  and  two  minima  st  each  LST,  We  first  examine 
the  variations  with  LKT  and  season  found  in  the  South. 

A  typical  diurnal  variation  of  the  position  of  maxima  and  minima  in  fs  for  f>3°S  is  shown  in 
Fig.  7.  This  is  based  mainly  on  days  126-206  but  wi th  a  number  of  hours  confirmed  from  days  260- 
350.  Most  discrepancies  between  the  two  periods  appear  to  be  random  and  due  to  charges  in  magnetic 
activity.  The  positions  of  extreme  values  near  0600  and  1800  LMT  do  not,  in  general,  repeat  at  ail 
seasons. 

Tfce  main  feature  i3  a  fairly  smooth  trend  in  longitude  wi-'i  LVT,  or  possibly  more  accurately 
with  magnetic  time.  The  maxims  and  minima  are  spaced  180°  aosrt  e.g.  for  the  perioa  2000-03W*  LMT 
the  medians  of  45  samples  arc  maximum  at  120°W,  minimum  at  60t>B,(  ooth  +5°.  A  pattern  of  this  type 
could  be  described  as  maxima  end  minima  at  different  longitudes  wuicb  occur  at  constant  U.T. 

Similar  results  are  obtained  at  35CS  but  witn  a  phase  shift  of  about  40°  to  the  west  i.3.  nearly 
3  hours  earlier  in  U.T.  For  the  Northern  hemisphere  the  variation  at  first  sight  appears  much 
more  complex,  but  as  we  have  seen,  this  fits  with  the  theoretical  predictions  rather  well  (Figs.  4 
and  5). 
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At  night  tho  latitude  va-i&t  ;or,  of  : «.  is  ft-xi  iv  sinple  and  perturbations  associated  nixh  the 
equatorial  anomaly  are  relrt'r''\y  ssVi.  Vbue  we  might  eipact  tc  see  t.'.e  effect  of  the  moving 
factor  as  a  ridge  of  (.'.'normally  high  values  cf  fa.  Tills  is,  ii»  f  lot ,  found  6t  certain  hourt,. 
Figure  8  shews  thr.c  the  ridge  is  essentially  at  tne  same  plsoe  ut  the  same  LHT  after  160  days 
approximately. 

The  minims,  in  the  longituuo  perturbation  of  fs  art  rather  more  sensitive  to  other  faotora  than 
are  the  maxima  and  are  ±or'.  commonly  found  in  the  longitude  zones  where  the  magnetic  latitude  was 
less  than  the  geographic  latitude.  Near  the  equator  clear  minima  -re  only  observed  in  the  longi¬ 
tude  sons  where  the  .lip  squatcr  is  North  of  tha  geographic,  i.e.  the  equatorial  rone  behaves  as  if 
it  was  mainly  influenced  uy  3ou*uen-  lemi sphere  longitude  perturbation.  One  might  have  ejected 
this  from  the  much  larger  amplitude  of  the  longitude  perturoatiou  in  this  hemisphere. 

At  low  latitudes  a  striking  feature  is  that  the  equator ini  anomaly  la  usually  not  equally 
developed  at  different  longitudes  for  .be  same  LIST.  The  combination  of  this  effeot  with  tnose 
due  to  moving  maxima  rakes  the  situation  complex  a  a}  further  work  is  needed  to  clarify  the 
phenomena. 


Some  characteristics  of  fi 


A  striking  feature  of  many  maps  of  fs  is  the  presenoe  of  one  or  two  orbits  which  show  a 
completely  different  latitude  variation  of  fs  than  the  orbits  on  each  side  of  them.  Fig.  9*  The 

anomaly  some time a  lasts  for  several  day3,  the  corresponding  orbit  being  effected  throughout  the 
period;  sometimes  it  is  c"ly  present  for  one  day.  In  general,  abnormal  zones  seen  on  Northbound 
orbits  are  not  markedly  abnormal  when  seen  approximately  12  hours  leter  in  LIST  on  Southbound  and 
vice  versa.  Charges  of  more  than  3:1  in  plasma  frequency  in  24°  longitude  have  been  observed  at 
particular  latitudes.  A  closer  examination  of  the  data  shows  that  the  phenomenon  is  very  oommon 
wnen  smaller  ohangea  are  allowed  and.  in  fact,  adjacent  orbits  often  show  differences  of  1C0S  or 
more. 


At  this  stage  we  shall  consider  only  a  sample  of  the  more  prominent  fingers.  For  these  the 
abnormality  can  be  positive,  negative  or  mixed,  in  the  last  case  the  latitudes  of  reversal  ohange 
from  day-to-day.  The  number  of  fiugere  increases,  on  the  average,  with  magnetic  activity  but  in 
large  storms  the  life  of  most  fingers  is  short.  Some  at  least  cf  these  events  are  due  to  large 
scale  ohangea  in  time  lasting  for  only  one  or  two  hours  but  affecting  a  wide  range  of  latitude. 

At  some  hours  the  position  of  fingers  appears  to  be  linked  rite  the  travelling  maxima  or  minima, 
positive  deviations  being  found  on  the  same  orbit  during  the  time  when  the  maximum  i»  near  that 
orbit  and  similarly  fer  the  minimum.  This  shows  up  as  an  apparently  static  finger  for  periods  of 
up  to  two  weeks  (two  hours  Lid). 

Cases  of  much  wider  anomalies  have  been  observed,  but  most  of  these  are  associated  with  the 
moving  large  scale  perturbations  mentioned  above  or  with  localised  storm  effects  in  large  magnetic 
storms.  Further  analysis  must  await  a  full  description  of  these  anomalies.  Thus  we  restrict 
this  study  of  fingers  strictly  to  those  less  than  about  48°  wide  and  consider  mainly  longitude  zones 
where  the  large  scale  perturbations  are  varying  slowly  with  longitude  and  ignore  abnormalities 
smaller  than  12°  in  latitude. 


le  first  examine  the  shape  of  the  lingers.  She  length  of  the  finger  is  defined  as  the  range 
of  latitudes  where  fa  differs  significantly  from  that  for  adjacent  orbits,  ignoring  any  saturation 
effeot.  or  temporal y  equality  where  the  sign  of  the  perturbation  reverses. 

Since  our  orbits  are  24°Qapart  in  longitude,  a  finger  24°  long  could  be  ciroular  in  shape  if 
placed  at  the  equator  where  1°  longitude  is  equal  to  1  latitude.  At  higher  latitudes,  where  such 
short  fingers  are  me  ally  found,  it  is  elongated  in  the  meridian.  A  sample  of  50  maps,  mostly  day¬ 
time,  was  examined  fur  fingers  and  158  found,  a  rather  larger  number  than  normal.  Their 
distribution  with  length  in  degrees  of  latitude  is  shown  in  Fig.  10.  While  we  have  less  discrim¬ 
ination  at  the  equator  than  at  higher  latitudes  some  tests  with  ground  stations  suggest  that  the 
width  does  not  vary  muon  with  latitude.  This  would  suggest  that  the  modal  finger  is  about  twice 
as  long  as  it  in  broad  and  the  median  between  three  and  four  times  as  long  as  its  width  in  longitude. 
The  ohange  in  fa  between  orbits  can  be  more  than  a  factor  of  3.  Analysis  of  day-to-dey  changes 
shows  that  differences  of  about  20JJ  are  very  oommon.  In  the  comparisons  mads  so  far  either  foF2 
or  hmF2  has  been  markedly  abnormal  when  a  finger  crossed  an  ionospheric  stotion, 

the  reality  of  the  fingers  at  low  latitudes  can  be  checked  readily  by  observations  at  ground 
stations  in  the  following  mgnner.  Consider  two  stations  the  same  distance  from  the  magnetic 
equator  end  within  about  15  from  it  on  the  same  aide.  The  equatorial  anomaly  ridge  will  cross 
these  stations  twioe  a  day.  causing  peaks  in  the  diurnal  variation  of  foF2.  Statistically  very 
similar  behaviour  is  found  at  different  stations  in  a  given  longitude  zone  (Ecolea  and  King  1969). 

One  would  thus  expect  a  day-to-day  correlation  in  the  times  of  peak  foF2  at  stations  in  the  same 
zone  and.  at  the  same  mag  net io  latitude.  If  fingers  are  present,  the  time  of  maximum  will  usually 
be  perturbed.  Thus  a  correlation  between  times  of  maximum  foF2  is  a  good  test  of  the  presenoe  of 
fingers.  A  typical  example  using  data  for  c.,e  month  is  shown  in  Fig.  11.  The  stations  Bogota 
and  Paramaribo  axe  separated  by  about  19  in  longitude  and  no  correlation  in  the  times  of  maximum 
is  found.  This  is  true  for  other  samples,  though  in  a  stormy  month  the  disturbed  days  may  shew  a 
systematic  shift  in  time  relative  to  the  quiet,  giving  a  weak  apparent  correlation.  The  range  of 
times  found  correspond  to  changes  from  an  undeveloped  (single  peak)  structure  to  a  fiuly  developed 
double  peak  a true tore. 


The  variability  of  fa  in  thia  zocut  ia  oonaiatent  with  the  lack  of  correlation  of  foP?  peak 
time  aeen. 

Application  to  predictions 

In  order  to  uae  the  aatellite  data  for  predictiona  it  ia  fir8t  neoeaaary  to  deduce  foP2,  and 
if  poaaible  hmF2  from  the  data  and  alao  to  find  whether  the  samples  uaed  were  representative,  e.g. 
whether  they  wore  abnormally  quiet  or  abnormally  disturbed.  The  teohniquea  explored  are  diaouaaed 
briefly  below. 

In  outline,  the  procedure  adopted  to  see  whether  f oP2  could  be  deduced  was  as  follows*- 

(a)  The  plasma  frequency  fa  was  mapped  for  each  day  on  latitude : long itude  graticules  using  the 
Ariel  III  tape  recorded  data. 

(b)  The  apparent  position  of  ground  etationa  as  seen  by  the  satellite  was  deduced  by  following  a 
line  of  force  from  hm?2  to  hs.  In  practice  extreme  values  of  ha-hmF2  were  used  to  show  the 
range  of  positions  possible  for  each  station. 

(o)  The  relations  between  fs  ard  fo?2  and  also  the  appropriate  value  of  hmF2  (deduced  from  H3000F2 
data)  were  found;  where  fs  did  not  vary  rapidly  with  position,  interpolation  of  fs  in  longi¬ 
tude  was  allowed  between  orbits. 

(d)  This  analysis  showed  that.  foF2  and  fa  were  linearly  related:- 
foF2  =  a  +  bf  a 


where  a  and  b  vary  with  latitude,  longitude,  time  of  day,  season  and  solar  and  magnetic 
activity.  On  quiet  days,  the  correlation  between  foF2  and  fs  was  usually  very  good.  Fig.  12. 
Thus,  moat  features  in  the  maps  of  fs  were  reproduced  in  foF2  but  with  a  scale  factor  which 
could  vary  slowly  with  position. 

(e)  The  relation  between  fs  and  Te  wa3  examined  as  a  function  of  position.  This  showed  that 
where  a  close  negative  correlation  between  fs  and  Te  existed  the  correlation  between  fs  and 
foF2  was  similarly  good  but  the  converse  was  not  necessarily  true. 

(f)  The  fa  maps  were  compared  with  lorgitude  variations  of  fs  and  foF2  for  selected  latitudes  and 
months  deduced  from  theory,  and  found  to  agree  well  in  shape  but  not  in  amplitude.  5he 
maxima  and  minima  returned  to  the  same  longitudes  usually  reappeared  for  the  same  LOT,  i.e. 
after  60,  160  and  22$  days  except  sometimes  for  times  near  0600  and  1800  LOT. 

Using  this  result,  the  data  from  two  or  three  stations  well  separated  in  longitude  could  be 
used  to  calibrate  the  lorgitude  variation  of  the  relation 

foF2  =  a  +  bf  s 

The  teat  (e)  could  then  he  used  t  oheok  whether  the  interpolation  was  likely  to  be  reliable. 

Conversely,  of  course,  the  relations  between  fs  and  Te  were  also  used  to  select  areas  where 
the  extrapolation  was  likely  to  be  simple. 

It  is  interesting  to  note  that  the  range  of  values  of  fs  and  foF2  were  usually  several  times 
the  scatter  of  the  points  about  the  li.'«  of  beBt  fit,  showing  that  the  fs  perturbations  were  good 
indices  of  perturbations  in  foF2  for  quiet  days.  This  was  confirmed  by  other  tests. 

The  main  problems  in  current  predictions  are: 

(a)  Extrapolation  to  zones  where  no  observations  are  available,  in  particular  to  the  ocean  areas. 

(b)  Treatment  of  moving  ridges  of  ionisation. 

(c)  Bffeot  of  ionospheric  storm. 

At  present,  gaps  are  often  filled  by  using  data  from  stations  in  the  opposite  hemisphere, 
moving  them  so  as  to  be  at  corresponding  geographio  and  magnetic  positions  and  allowing  for  seasonal 
changes.  This  can  never  he  done  accurately  as  the  magnetic  field  is  very  different  in  the  two 
hemispheres.  The  moving  maxima  discussed  above  also  introduce  a  serious  source  of  error;  it  is 
not  possible  to  match  them  in  time  and,  at  the  same  time,  match  positions.  Thus  the  ourrent  methods 
of  predicting  either  foF2  or  K3000F2  (hmF2)  or  both  oannot  be  reliable. 


Thia  analysis,  however,  suggests  that  other  faotors  are  also  present,  for  example,  at  many  hours 
the  median  values  of  fs  at  each  latitude  are  very  different  for  northern  or  Southern  hemispheres, 

Fig.  13*  Similar  behaviour  is  found  for  the  largest  values.  Fig.  14.  The  general  relation  with 
magnetic  field  can  he  clearly  seen  from  the  relative  positions  of  the  lines  and  magnetic  latitude 
curves  but  the  travelling  ridges  seen  at  the  higher  latitudes  do  not  match  and  it  is  clear  that  fs  is 
above  8  MHz  in  the  southern  hemisphere  for  roughly  the  same  areas  as  it  is  above  4  KHz  for  the  corres¬ 
ponding  season  in  the  North.  Both  magnetic  and  solar  conditions  are  reasonably  similar  for 
comparison. 
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Our  data  suggest  that  a  more  reliable  extrapolation  can  be  obtained  u-  \ng  the  fa  naps  with 
some  support  from  theoretical  longitude  changes  given  by  wind  theory  to  identify  the  latitude  of 
extreme  conditions. 

As  stated  above,  the  procedure  is  to  calibrate  the  conversion  relation j- 
fo?2  =  a  ♦  bfs 

with  the  aid  of  ground  based  stations  in  widely  separated  longitude  nones. 

A  further  approximation  is  possible  by  identifying  the  zones  where  fs  and  foP2  are  abnormally 
high  or  low.  Particularly  at  low  latitudes,  these  can  be  seen  on  the  maps  but  have  not  as  yet 
been  studied. 

It  is  possible  to  extrapolate  from  fs  to  fo?2  using  the  satellite  data  directly.  This  gives 
a  particular  sample  for  a  specific  hour.  To  make  a  proper  assessment  of  average  conditions  the 

peculiarities  of  the  sample  have  to  be  oonaidered  ana  corrected.  However  it  uppeara  more  profit¬ 
able  to  proceed  indirectly,  finding  the  main  factors  which  determine  the  longitude  effect  at  quiet 
and  disturbed  epochs  and  use  these  to  extrapolate  from  the  zones  where  adequate  observations  exist. 
Both  methods  are  being  used  but  at  present  we  prefer  the  aeoond  as  it  appears  mare  reliable, 
simpler  and  lees  sensitive  to  distortion  from  fingers. 

While  most  of  the  well  known  storm  effeots  can  be  identified  on  the  maps,  a  striking  feature 
of  many  storm  perturbed  maps  is  the  presence  of  local  zones  of  abnormal  behaviour,  some  zones  beirg 
very  perturbed  for  more  than  12  hours  while  othsrs  are  affected  to  a  minor  extent  only.  Tbs 
identification  of  the  abnormal  zones  may  be  important  in  the  future. 

Satellite  data  have  particular  advantages  for  investigation  the  behaviour  of  moving  ridges  of 
ionisation,  particularly  at  high  latitudes  where  these  can  change  position  very  rapidly.  In 
ge.-»ral,  a  ground-based  station  only  detects  such  structures  when  cdose  to  the  station,  though  in 
some  oases  e.g.  when  they  give  polar  spurs,  oblique  reflection  to  the  sounder  is  p->csible.  Thus 
a  highly  misleading  impression  is  obtained  both  of  the  regularity  with  which  a  riugs  is  present  in 
c.  given  zone  and  its  critioal  frequency.  Such  ridges  are  usually  efficient  reflectors  at  oblique 
incidence  since  the  curvature  of  the  levels  of  reflection  allows  skew  ray  paths  to  ha  used. 
Typically,  a  ridge  moving  within  +500  km  from  the  midpoint  of  an  oblique  path  will  be  as  effective 
as  if  it  was  placed  at  the  midpoint  so  far  as  reflection  is  concerned.  The  zone  over  Scandinavia 
has  been  examined  for  this  phenomenon  and  should  give  reflection  in  this  mode  at  about  2-3  times 
the  normal  MOP  for  about  9#  of  nights  in  winter  at  high  sunspot  number.  Reflection  of  this  type 
has  been  reported  by  HBUer  from  studies  of  pulse  transmissions,  Sodankyla-Lindau  (2000  km  appnxi- 
nately)  and  an  examination  of  these  data  shows  that  the  expeoted  regularity  is,  in  faot,  found. 

We  are  indebted  to  Professor  W.  Dieminger  and  Dr.  MBller  for  access  to  these  data. 

The  very  steep  gradients  of  electron  density  at  low  latitudes  disclosed  by  satellite  obser¬ 
vations,  particularly  those  from  ALouette,  are  important  for  ray  tracing  problems  but  less 
important  in  conventional  prediction  mapping.  In  practice  the  oblique  wave  follows  the  ridge  of 
ionisation  so  that  the  path  goes  skew  to  take  advantage  of  the  greatest  densities  present.  Thus 
the  conventional  maps,  which  show  the  equatorial  anomaly  badly  stretched  in  latitude,  represent 
fairly  the  range  of  latitudes  over  whloh  the  large  values  are  effeotive.  Our  data  on  large  East- 
West  gradients,  however,  suggest  that  off  great  oirole  propagation  may  be  more  important  and 
effeotive  WDFs  higher  than  at  present  predicted. 

Preliminary  results  suggest  that  current  methods  can  often  be  20-30 %  wrong  in  foK  over  ocean 
a rasa,  probably  worse  in  the  Southern  hemisphere  and  in  zones  where  ridges  are  not  properly  included 
are  probably  wrong  by  a  factor  up  to  three. 

An  example  of  a  oo^arison  between  values  of  fo?2  predicted  by  ESSA  and  values  deduoed  from 
satellite  data  for  a  zone  where  ground  stations  are  abnormally  numerous  is  shown  in  Pig.  15*  This 
shows  good  agreement  where  stations  are  available  but  some  discrepancies  over  the  ooean  areas. 
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Comparable  foF2  from  Prediction  methods 


Figure  15  Comparibon  of  foE2  predicted  by  ESSA  and  Ariel  III  data  using  first 
approximation  aa  given  by  data  in  Fig.  12.  The  next  approximation 
tends  to  increase  the  differences  observed. 
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SUMMARY 

With  particular  reference  to  those  ionospheric  predictions  requiring  a  large  short-term  accuracy,  purely 
statistical  methods,  such  as  CURTS  and  similar  systr.ms,  exist  alongside  with  those  considering  at  least  some  iono¬ 
spheric  parameters.  These  systems  generally  analyst)  the  trend  indicated  by  ionospheric  parameters  and  use  the 
result  in  calculation  procedures.  This  paper  describes  a  method  of  monitoring  mode  delay  along  the  path  of  interest 
with  the  use  of  transmissions  at  one  end  on  several  frequencies  in  the  HF-range.  Mode  delay  measurements  are 
simultaneously  carried  out  on  all  frequencies.  A  comparison  of  such  data  with  the  average  long  term  behaviour  of 
the  path  then  indicates  the  trend  of  short-term  characteristics  along  the  ionospheric  path. 

Methods  of  path  analysis  suds  as  path  diagrams,  ground  effects,  etc.  may  then  be  employed  similar  to  those 
described  by  the  author  several  years  ago. 

The  method  as  a  whole  renders  itself  to  all  applications  of  modem  short-term  predictions  and  automatic  selec¬ 
tion  of  optimum  operating  frequencies.  In  addition  it  is  far  more  inexpensive  than  a  complete  oblique-incidence 
sounding  system. 

Following  a  general  description  of  the  system  mentioned,  experimental  results  are  given  for  a  path  between 
locations  in  the  United  Stat-»s  of  America  and  the  Federal  Republic  of  Germany,  using  time  standard  transmissions. 
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MONITORING  MULTI -FREQUENCY  MODE  DELAY  OVER  LONG  DISTANCES 
FOR  IONOSPHERIC  FREQUENCY  SELECTION 


H.J.  Albrecht 


1 .  Introduction 

Although  the  technological  development  in  the  field  of  telecommunications  new  offers  other  systems  for  world¬ 
wide  traffic,  such  as  satellites,  the  classical  use  of  the  high  frequency  range  continues  to  be  important.  One  of  the 
major  aspects  is  the  extension  and  modernisation  of  transmission  systems  with  particular  reference  to  modem  require¬ 
ments  of  channel  capacity  and  link  reliability. 

During  the  last  decade,  original  methods  of  forecasting  ionospheric  propagation  conditions  have  gained  from 
progress  made  in  electronic  instrumentation  as  well  as  in  the  application  of  computers.  Examples  are  oblique  inci¬ 
dent  sounding  [l]  and  more  statistical  prediction  systo'.is,  such  as  CRUFT  ^2j .  Also  to  be  mentioned  Is  the 
ADAPTICOM  system  f3]  and  related  methods  of  making  the  most  favourable  use  of  certain  frequencies  for  given 
paths  and  channel  requirements.  Such  a  development  has  led  to  a  considerable  improvement  in  short-term  predic¬ 
tions  of  channel  usefulness  while  ionospheric  parameters  are  not  always  taken  into  account.  The  combination  with 
some  computer  facility  enables  optimum  frequencies  to  be  selected  for  a  certain  path.  Although  such  installations 
are  nowadays  well  distributed,  they  are  still  somewhat  elaborate;  thus  their  employment  is  not  very  popular  with 
mobile  or  temporary  communication  networks,  and  whenever  expenses  are  a  major  factor. 

This  paper  deals  with  a  reliable  and  efficient,  yet  relatively  inexpensive  and  simple  system  of  monitoring 
ionospheric  characteristics  with  a  short-term  resolution  adequate  for  automatic  selection  of  optimum  operating 
frequencies.  Time  signals  emitted  by  several  time-signal  transmitters  are  utilized  os  references.  In  *his  respect  tho 
system  nwy  in  principle  be  considered  similar  to  o  monitoring  system  used  with  Ihe  author's  work  in  iong-dis.ance 
propagation  more  than  a  decadj  ago,  when  such  transmissions  wore  utilized  as  constant  signal  sources  [4,  5,  oj  . 
Progress  mode  in  equipment  technology  now  allows  thfc  cihsr  constant  parcunrr'er,  tha  sequence  of  t-rre  pulses,  to  be 
employed  on  a  general  basis. 

2.  Mode-Delay  System  of  Monitoring  ionospheric  Parameters 
2.1  General  Description 

As  already  mentioned,  the  system  uses  signals  transmitted  by  standard  transmitting  stations.  According  to  the 
particular  path  taken  by  signals,  they  experience  different  propagation  deicys.  Far  this  monitoring  system,  at  least 
two  time  signal  stations  should  be  available.  One  should  be  located  within  a  distance  cf  the  order  of  1  POO  kilo¬ 
meters  from  the  observation  point,  while  the  great  c*rcle  distance  to  the  other  station  should  amount  to  several 
thousand  kilometers.  The  simultaneous  reception  of  both  signals,  possibly  on  more  than  one  standard  frequency, 
then  permits  the  determination  of  relative  time  delays  on  a  continuous  basis. 

The  distribution  of  standard  transmitters  in  ail  parts  of  the  world  practically  permits  to  solect  paths  in  all 
possible  directions  at  a  variety  of  great  circle  distances,  in  addition  to  multi-frequency  emissions,  from  almost  any 
observational  point  on  earth  [7J.  Although  this  fact  may  be  disadvantageous  as  far  as  time-signal  selectivity  is  con¬ 
cerned,  it  permits  a  system  based  on  monitoring  time  signals  to  be  universal  and  versatile. 

Depending  upon  the  distance  of  time-signal  sources  selected  with  respect  to  the  observation  point,  the  time 
taken  by  signals  and  in  particular  its  change  are  a  direct  indication  of  the  path  travelled.  Characteristics  averaged 
ewer  certain  periods  may  be  considered  responsible  for  the  average  rnode-doby  behaviour,  if  normally  one  mode  is 
supposed  to  be  representative  at  anyone  instant. 

For  each  path,  possible  modss  may  be  determined  on  the  basis  cf  total  great  circle  distance,  and  ionospheric 
characteristics  (altitude,  inclination,  maximum  usable  frequency,  etc. )  with  appropriate  mode-delay  values.  Such 
a  standard  path  may  be  covered  by  propagation  in  thn  cbcrdoi-ho^  fashion  or  by  muli'ple  hops.  The  first-mentioned 
mode  category  had  been  verified  by  the  author  more  than  twelve  years  ago  cr  being  mainly  responsible  far  long¬ 
distance  propagation  of  antipodal  character  [4,  5,  8].  In  this  case,  inclinations  in  the  appropriate  layer,  situated 
within  certain  distance  ranges  from  either  end  of  the  path  (cf  "tilt  points  " )  cause  the  ray  to  be  propagated  along 
chords  with  reference  to  the  layer  surrounding  the  eaith,  thus  avoiding  ground  reflections  over  the  path  distance,; 
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for  which  the  chordal-hop  mode  is  valid.  In  the  case  of  multiple  hops,  propagation  makes  use  of  reflections  at 
ionospheric  layers  as  well  as  at  the  ground. 

In  practice,  chordal-hop  modes  as  well  as  modes  making  use  of  multiple  hops  between  the  two  ends  of  a  great 
circle  path  are  possible  in  a  well-defined  or  combined  form.  For  a  certain  path  and  for  standard  characteristics  the 
value  of  time  delay  experienced  by  the  signal  are  a  direct  indication  of  the  type  of  mode.  Therefore,  the  change 
in  time  delay  may  be  used  to  estimate  variations  in  the  mode  structure.  Depending  upon  the  sequence  or  continuity 
of  time  delay  measurements,  this  system  may  also  be  utilized  to  detect  and  evaluate  short-term  variations  of  mode 
characteristics  along  the  path.  In  the  last-mentioned  case,  it  is  possible  to  determine  short-term  changes  of  iono¬ 
spheric  layer  characteristics  in  geographic  regions  touched  by  the  path  used  for  analysis.  These  mode  delay  charac¬ 
teristics  may  be  monitored  by  means  of  signal  observations  or  by  automatic  equipment.  A  relatively  simple  computer 
device  may  be  utilized  to  compare  actua1  mode  delay  characteristics  with  the  standard  one,  thus  permitting  to 
automatically  select  optimum  working  frequencies  by  the  use  of  resultant  error  values. 

2.2  Standard  Path  to  Signal  Source 

The  above-mentioned  standard  path  may  be  found  by  evaluating  ionospheric  characteristics  predicted  on  a 
■monthly  basis  by  appropriate  prediction  services;  ground  characteristics  have  to  be  taken  into  account  as  well .  For 
each  particular  case  path  diagrams  may  be  established.  These  diagrams  are  plots  of  critical  frequency,  maximum 
usable  frequency,  effective  height  of  ionospheric  layers  vs.  distance  from  cr.e  end  of  the  path.  Diagrams  of  the 
type  described  were  successfully  used  to  achieve  long-distance  analysis  in  HF  propagation  work  [4,  6].  They  allow 
the  important  ionospheric  characteristics  to  be  surveyed  without  difficulty.  A  similar  purpose  is  achieved  by  mode 
plots  of  the  kind  described  by  F.  Kift  [9]  who  also  considered  values  of  mode  delay  in  graphical  representation*  of 
conditions  along  selected  paths;  variations  were  of  the  long-term  type. 

A  suitable  method  of  extracting  the  necessary  informed  on  on  ionospheric  characterstics  from  monthly  predic¬ 
tions  v.ill  be  discussed  in  some  more  detail  below,  as  well  as  the  basis  of  taking  ground  characteristics  into  account. 
The  last-mentioned  parameter  can  also  be  shown  on  path  diagrams  with  reference  to  the  distance  measured  from  one 
end  of  the  path. 

The  geometric  conditions  for  a  standard  path  between  observations!  point  end  signal  source  may  generally  be 
determined  from  nomographs,  an  example  being  published  herewith  as  fig.  1.  In  this  case,  a  horizontal  line  moy 
be  drawn  from  the  appropriate  value  of  the  great  circle  distanceyhop  on  the  left-hand  scale  to  the  layer  height  to 
be  considered  and  a  vertical  line  through  the  intersection  will  then  meet  diagonal  lines  being  typical  frequencies 
of  time  signal  transmissions,  here  shown  as  frequencies  of  minimum  MUF,if  the  appropriate  time  3igr.nl  is  to  be 
received.  A  horizontal  line  between  the  intersection  with  any  of  the  diagonal  linos  indicates  cn  the  right-hand 
scale  the  minimum  frequency  of  vertical  incidence,  representing  the  critical  frequency  required  for  such  an  MUF 
to  c^ist.  Radiation  angles  are  also  shown.  The  nomograph  described  is  intended  to  allow  conditions  to  be  estimated. 
The  concept  of  using  apparent  layer  heights  throughout  is  recommended  if  angles  of  arrivol  cannot  be  determined 
with  adequate  accuracy,  and  this  difficulty  may  be  assumed  to  exist  in  the  majority  of  cases.  Changes  in  near-field 
conditions  of  antennae  and  variable  ground  reflection  characteristics  in  the  antenna  environment  have  usually  been 
the  main  reasons  for  discarding  angle-of-arrival  measurements  foe  analytical  work  in  HF  propagation. 

Values  of  "corrected  sec  $0  11  [ioj  have  been  utilized  for  the  nomograph.  For  this  application  as  well  as 
other  calculations  it  has  been  found  useful  to  express  the  correction  factor  "l*  by 

l  e:  1  +0.01  D  (1 +D)  (1  ) 

where  D  =  distance  in  megameters. 


2.3  Ground  Chcroctor? sties 

Electrical  characteristics  of  the  eartt  '$  surface  affect  the  behaviour  of  the  signal  propagated  over  long 
distances  if  ground  reflections  are  to  be  taken  into  account,  viz.  in  the  absence  of  chordal-hop  propagation. 
Average  ground  characteristics  may  be  u-ed  to  determine  the  appropriate  effects  upon  standard  data  for  the  purpose 
of  the  work  being  discussed  in  this  paper.  Essential  parameters  are  ground  conductivity,  dielectric  constant,  and 
faughness  of  the  surface.  The  two  fir*t-mentioned  va~*  sbles  have  to  be  known  in  order  to  determine  the  reflection 
ccstfictent  by  means  of  the  Fresnel  equations  fer  vertical  or  horizontal  polarization,  respectively.  The  third 
variable  5»  important  if  the  ground  loughness  approaches  the  order  of  magnitude  of  the  wavelength.  In  general,  the 
conside-atlon  of  ground  conductivity  and  dielectric  constant  is  sufficient  for  the  standard  path  if  grounO  parameters 
have  to  be  taken  into  acccunt  at  ail. 

Using  a  relationship  determined  on  a  statistical  basis  between  relative  dielectric  constant  Er  ,  ground  con¬ 
ductivity  9"  (in  mho/m },  and  ground  temperature  t 

er  a  180  k  /r  e“0,01  * 

(0.5  <  k  <  1.5,  depending  on  ground  type) 


(2) 


as  published  some  time  ago  [if] ,  a  world-map  of  ground  conductivity  nwy  be  employed  to  estimate  both  parameters, 
Such  a  world-map  was  established  in  1967,  together  with  maps  showing  the  regional  and  seasonal  changes  of 
parameters  caused  by  long-term  climatic  conditions  [l2]. 


2.4  Ionospheric  Characteristics  of ^Standard  Path 

The  all  important  ionospheric  characteristics  along  a  standard  path  may  be  taken  from  monthly  prediction 
charts,  an  example  being  the  Ionospheric  Predictions  issued  an  a  monthly  basis  by  Environmental  Science  Services 
Administration,  US-  Department  of  Commerce.  Details  on  ionospheric  predictions  and  on  all  general  aspects  of 
ionospheric  research  and  propagation  may  be  found  in  K.  Davies'  book  [l3].  The  steps  now  to  be  described  may 
refer  to  the  first  portion  of  this  monthly  prediction  presenting  the  predicted  coefficients  of  numerical  map  functions 
as  well  as  to  the  geographical  maps : 

Following  the  division  of  the  entire  great  circle  into  sections  of  500  km  the  values  of  MUF  ZERO  F2  as  well 
as  MUF  [tOCO]  F2  are  taken  for  each  of  the  representative  points  between  sections,  e.g.  at  0,  500,  1000  km  etc. 
from  the  obseivational  point.  Also,  the  gyro-frequency  is  determined  for  these  points  using  an  appropriate  worid- 
map  [lb].  Values  of  the  MUF  for  CvjOG  km  os  well  as  f0 F2  may  directly  be  determined  from  the  data  indicated. 
Assumii'g  also  that  the  MUF  fcctre  M  ( 3000 )  F2  depends  on  height  and  to  o  very  minor  degree  on  fe  F2  [l4]  , 
average  values  of  layer  height  tr.ay  be  estimated  for  each  point. 

The  critical  frequency  of  the  E-layer  is  supposed  to  obey  the  following  relationship 


f„E  =  3.2  ]/T+  0.008  I?’  Vcos  X* 

( R  =  sunspot  number,  X  =  solar  zenith  angle ) 

according  to  [l3j.  The  critical  frequen.  y  of  thu  -layer  may  also  be  expressed  by  an  appropriate  fonnula 


(3) 

[13] 


«oE 


4.3  (1  +0.0023  R)  ycosX 


(4) 


in  addition,  changes  of  the  height  determined  along  the  path  .may.,  up  to  a  certain  degree,  be  used  to  indicate 
a  tilt  condition  of  the  F2 -layer.  The  difference  between  two  consecutive  height  values,  divided  by  500.  may  be 
applied  as  a  usefui  tilt  parameter.  Relatively  large  values  in  the  appropriate  positive  or  negative  direction  within 
2000  km  from  either  end  of  the  poth  indicate  the  presence  of  ft  it  points  in  the  layer;  theii.  inclined  layer  portions 
moy  be  responsible  for  chordal-hop  propagation  along  the  path  considered. 


2.5  Mode  Delay  and  Its  Shorr-Term  Variation 

Another  nomograph  has  besr  developed  in  order  to  determine  the  relationship  between  great  circle  distance, 
number  of  hops,  great  circle  distance/hop,  layer  heights,  and  half  the  signal-path  length  per  hop  for  both  multiple 
hoos  and  chordal  heps,  as  well  as  the  time  taken  by  the  signal  in  milliseconds.  The  nomograph  is  shown  on  fig.  2. 
Diagonal  lines  from  the  upper  ieft-lwnd  corner  to  the  lower  light-hand  corner  indiccte  tht  relationship  between 
the  number  of  hops  on  the  left-hand  scale  and  a  great-circle  distance  per  hop  on  the  bottem  scale.  vertical  line 
from  the  value  of  the  great  circle  distance  per  hop  to  the  appropriate  parameter  curve  for  the  <ayer  height  con¬ 
sidered  with  single  or  multiple,  or  chordal  hops,  and  a  horizontal  line  from  that  intersection  to  the  right-hand 
scale  yield  half  the  signal-path  length  pel  hop.  Now  using  this  scale  as  an  ordinary  nomogram  together  with 
the  number  of  hops  on  the  left-hand  scale  and  the  centre  vertical  line,  the  milliseconds  of  time  delay  may  directly 
be  read  off  this  centre  scale.  For  this  purpose  a  straight  edge  is  to  be  used  between  the  value  of  half  the  signal  path 
per  hop  and  the  number  of  hops.  Again,  this  nomograph  only  enables  approximate  data  to  be  obtained.  To  allow  a 
better  resolution  of  parameters  and  therefore  a  better  analysis  of  changes  in  the  mode  delay,  range-limited  graphs 
may  be  used,  an  examp'e  being  shown  in  fig.  3.  Obviously,  data  referring  to  all  possible  conditions  along  one 
particular  path  have  to  be  calculated  accurately  for  actual  analysis. 

Using  only  the  geomeh’ical  conditions  given  by  great  circle  distance  as  well  as  overage  layer  heights,  a  mode 
delay  scale  may  be  developed  for  each  particular  great  circle  path.  For  the  example  of  an  observational  point  of 
the  Research  Establishment  at  Werthhoven,  nr.  Bonn,  Germany,  and  a  time  signal  transmitter  WWV  at  its  location 
prior  to  the  1st  December  1966  with  a  great  circle  distance  of  6400  km  the  Table  !  has  been  computed  for  typical 
conditions  experienced,  viz.  an  F2  -layer  at  270  km  and  the  E-layer  at  110  km.  The  mode-delay  values  in  the  last 
column  permit  the  tendency  to  be  determined  for  each  type  of  variation.  Relatively  low  values  suggest  chordal- 
hop  propagation  with  a  high  probability,  if  E-layer  MUF  does  not  permit  three  E-!ayer  hops.  Values  generally 
agree  with  a  praviously  published  verification  of  predominant  chordal-hop  modes  for  round-the-world  signals  [l5]. 
There  is  some  ambiguity  in  some  values,  inasmuch  as  certain  mode  delay  values  may  be  obtained  by  several  com¬ 
binations,  usually  involving  E-layer  reflections.  On  *he  other  band,  ionospheric  characteristics  permit  a  rela¬ 
tively  easy  selection  between  values  of  equal  mode-delay.  A  sudden  increase  of  mode  delay  to  a  value  indicative 
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of  E-layer  reflections  might  be  interpreted  as  the  occurrence  of  sporadic  E-reflections.  Such  a  mode-delay  scale 
should  be  established  for  each  path,  prior  to  analysis. 


|  TABLE  I 

|  EXAMPLE  OF  A  MODE-DELAY  SCALE 

FOR  GREAT-CIRCLE  DISTANCE  OF  6400  km 

i 

t 


Model  Type 

F  2  -  Tilt  Points 
from  either  end 
at  (-km) 

F  2-Layer  Height 
Indication 

(km) 

Time  Taken 
by  Signal 
(msec) 

3  E-Layer  Reflections 

• 

- 

— 

Chordal-Hop 

1600 

270 

n 

Chordal-Hop 

1600 

300 

21.86 

4  E-Layer  Reflections 

- 

- 

21.87 

2  E-Layer-,  1  F2 -Layer  Reflection 

- 

270 

21 .9 

2  E-Layer-,  1  F2  -Layer  Reflection 

- 

22.0 

2  F2  -Layer  Reflections 

- 

270 

22.07 

Chordal-Hop 

1070 

270 

22.07 

1  E-Layer-,  2  F2  -Layer  Reflections 

- 

270 

22.15 

2  F2 -layer  Reflections 

- 

300 

22.16 

Chordal-Hop 

1070 

300 

22.17 

1  E-Loyer-,  2  F2 -Layer  Reflections 

300 

22.27 

3  F2  -Layer  Reflections 

270 

22.42 

3  F2  -Layer  Reflections 

- 

300 

22.62 

2.6  Processing  of  Resultant  Patti 

As  indicated  in  the  general  description  c.f  this  system  of  monitoring  mode  delay,  the  multi-frequency  measure¬ 
ment  of  these  layer  characteristics  is  the  main  objective,  together  with  its  further  use  for  the  selection  or  optimum 
working  frequencies.  The  nomograph  shown  on  fig.  1  may  be  used  in  connection  with  the  ionospheric  data  derived 
from  prediction  charts  discussed  under  2.4  and  the  main  nomograph  shown  in  fig.  2,ai  well  as  an  auxiliary  chart  of 
the  type  shown  in  fig.  3  may  be  employed  to  determine  the  standard  path  characteristics  for  each  month.  All  short¬ 
term  variations  observed  may  then  be  evaluated  with  reference  to  these  standard  characteristics.  Charts  like  Table  I 
are  utilized  to  interprete  the  mode  delay  observed  on  each  frequency  in  terms  of  the  actual  propagation  path  ex¬ 
perienced  by  the  time  signal .  This  interpretation's,  for  instance,  in  the  case  of  an  increase  in  the  mode  delay  and 
the  appropriate  changes  in  layer  structure,can  be  used  as  input  data  to  frequency  selection  facilities. 


3.  Some  General  Results 


3.1  Criteria  of  Path  Selection 

With  an  observational  point  located  at  Werthhoven  nr.  Bonn  in  the  Federal  Republic  of  Germany,  and  simul¬ 
taneous  reception  of  time  signal  transmitters  MSF  located  at  Rugby,  United  Kingdom,  and  WWV,  in  its  location 
prior  to  the  1st  December  1966  (Beltsvilie,  Md,,  USA)  and  its  location  thereafter  (Fort  Collins,  Colo.,  USA) 
appropriate  paths  may  be  considered  representative  of  the  North-Atlantie  area.  In  this  particular  case  a  statistical 
analysis  over  long  periods  of  time  may  be  used  to  compare  a  path  under  quiet  ionospheric  conditions  with  one 
crossing  the  aurora  ring.  Fig.  4  depicts  an  appropriate  portion  of  the  great-circle  map.  The  conditions  me."  ‘iontsd 
under  2.1  are  satisfied  by  this  path  selection. 

Some  attention  has  to  be  paid  tc  the  probability  of  mutual  interference  of  different  time  signals  receive,  on 
identical  frequencies,  in  this  respect,  the  use  of  5,  10,  15,  20,  25  MHz  by  different  time-signoi  services  is  ex¬ 
tremely  disadvantageous.  It  may  ?;er«  be  suggested  tha*  one  service  per  continent  would  be  adequate  for  all 
applications  ci  standard  signals. 

! 


3.2  General  Path  Gsoracterl  sties 

Using  a  concept  mentioned  under  2.2,  2.3  and  2.4,  the  general  path  characteristics  were  obtained  from  pro-  _ 
diction  charts  issued  b/  C!»SA  [l6]  for  the  months  of  October  and  November  19c' 5  as  well  as  the  selected  periods  in 
Jor.uary  and  Marah  1947  and  during  the  first  quarter  of  1969.  In  this  particular  case,  and  if  only  a  relatively 
small  number  of  hops  is  to  be  considered  with  multiple  hop  propagation,  the  ground  characteristics  may  be  neglected 
provided  that  only  modd  delay  measurements  without  field  strength  considerations  are  of  interest.  In  general,  how¬ 
ever,  the  propagation  path  with  the  least  number  of  ground  reflection  points  may  be  supposed  to  be  the  probable 
predominant  path  due  to  the  general  loss  in  signal  strength  at  each  ground  reflection  [6]  .  For  the  great-circle  path 
indicated  above,  values  outlined  under  2.4  may  now  be  determined.  This  together  with  a  scale  like  Table  I  then 
leads  to  the  type  of  mode  to  be  taken  into  account  at  each  hour  during  an  average  day  in  the  particular  month. 

3.3  Brief  Desc^jption_of_Eq[mEn,eflt 

The  receiving  equipment  used  comprises  separate  high— stability  crystal-locked  receivers  for  each  of  the  five 
frequencies,  5,  10,  15,  20,  and  25  MHz.  The  antenna  is  of  the  rhombic  type.  The  use  of  a  load  resistance  provides 
for  a  unidirectional  characteristics.  For  the  purpose  of  investigations  described  in  this  paper,  sensitivity  require¬ 
ments  are  not  critical.  Thus  particular  attention  was  paid  to  a  steady  check  on  stability  in  order  to  eliminate  effects 
upon  delay  time. 

3.4  Analysis  of  Measured  Data 

In  order  to  obtain  a  first  indication  of  the  usefulness  of  the  monitoring  system  described  in  this  paper,  signal 
observations  were  made  using  oscillographic  display  and  photographic  evaluation.  Such  signal  observations  were 
conducted  at  suitable  intervals.  In  each  case,  attention  was  paid  to  the  objective  of  multi-frequency  mode  delay 
measurements,  i.e.  beside  the  reference  signal  of  MSF  at  relatively  short  time  delay,  WWV  signals  were  utilized 
at  a  maximum  number  of  frequencies,  .the  optimum  being  5,  10,  15,  20,  and  25  MHz.  This  procedure  allows  relative 
time  delays  to  be  used  even  if  the  reference  signal  in  Europe  supplied  by  MSF  could  not  be  detected  in  this  or  the 
other  case. 

Two  methods  of  general  evaluation  are  now  possible :  each  relative  time-delay  value  measured  between,  for 
instance,  15  and  20  MHz,  may  be  compared  to  the  appropriate  standard  value  determined  from  characteristics  ex¬ 
tracted  from  ionospheric  prediction  charts;  secondly,  the  fluctuation  in  such  relative  mode-delay  values  observed, 
also  within  very  short  intervals  of  perhaps  two  minutes,  may  be  evaluated  to  yield  an  estimate  on  circuit  stability. 

In  both  cases,  a  statistical  analysis  may  be  used  to  obtain  a  general  relationship  betv  een  the  presence  of  short¬ 
term  variations  and  predicted  hourly  variations.  These  data  may  thus  be  used  to  draw  conclusions  upon  the  general 
effectiveness  of  changes  caused  by  the  occurrence  of  sporadic  E-layer  or  irregularities  in  ionospheric  layers  coin¬ 
ciding  with  magnetic  disturbances  and  similar  effects.  Fluctuations  observed  within  very  short  intervals  indicate 
drifts  and  other  irregularities. 

The  main  purpose  may,  however,  be  achieved  by  analyzing  the  data  obtained  with  particular  reference  to  the 
tendency  in  mode  changes,  because  this  allows  conclusions  to  be  drawn  upon  the  short-term  characteristics  in  the 
ionospheric  regions  touched  by  the  great  circle  path  concerned. 

3.5  General  Results  Obtained  on  Sample  Paths 

Observed  simultaneous,  multi-frequency  mode-delay  data  show  a  general  tendency  of  increasing  delay  time 
with  decreasing  frequency  when  the  entire  path  is  in  day-light,  viz.  between  1200  and  1500  GMf .  This  is  in 
accordance  with  standard  characteristics,  inasmuch  as  coring  this  period  propagation  on  10  and  15  MHz  is  supported 
by  a  constant  E-layer  with  MUF  conditions  generally  allowing  four  hops  or  at  least  two  E-layer  reflections  and  one 
F2-layer  reflection  for  the  WWV  path  prior  to  1st  December  1966,  whereas  transmissions  on  20  and  25  MHz  are  of 
the  chordal-hop  type,  thus  yielding  a  lower  value  of  mode  delay. 

In  detail  typical  deviations  of  this  average  behaviour  is  the  increase  in  mode-delay  time  for  20  and  25  MHz 
and  the  disappearance  of  such  transmissions.  This  change  indicates  an  increase  in  E-layer  ionization  and  its 
occurrence  in  unexpected  regions,  most  likely  by  a  sporadic  E-layer,  such  that  the  mode  behaviour  resembles  that 
on  lower  frequencies.  The  signal  may  also  disappear  with  blanketing  by  a  regular  or  sporadic  E~!ayer.  Such  change 
in  path  characteristics  can  easily  be  recognized  and  monitored;  its  evaluation  and  interpretation  as  cbove  permits 
very  reliable  short-term  predictions  of  path  behaviour. 

Another  parameter  of  major  interest  is  the  mode  stability  which  is  generally  connected  to  path  stability.  Multi- 
frequency  mode-delay  measurements  as  described  in  this  paper  allow  this  parameter  to  be  observed  continuously  by 
means  of  evaluating  short  intervals,  of,  e.g.,  four  minutes,  and  even  less,  if  jitter  clorecteristics  of  a  peth  are  to 
be  monitored  for  digital  data  transmissions.  Important  indications  are  contained  in  the  mode-delay  trend  as  a  func¬ 
tion  of  frequency,  as  well  os  the  maximum  deviation  obtained  on  anyone  frequency.  Performing  this  analysis  for  the 
periods  of  October  and  November  1966,  the  trend  was  found  to  agree  with  the  average  one,  i.e.  increasing  delay 


time  with  decreasing  frequency.  Selecting  15  and  20  MHz  as  representative  frequencies  differences  in  mode  delay 
of  up  to  i  .8  msec  and  1 .5  msec,  respectively,  were  obtained  in  4-min  intervals.  On  15  MHz,  the  occurrence  of 
such  sudden  changes  in  mode  delay  in  each  case  coincided  with  a  theoretically  possible  path  making  use  of  two 
E-layer-  and  one  F  2-layer  reflection  on  that  frequency,  thus  suggesting  that  the  path  was  generally  maintained  by 
regular  and  sporadic  E-layer  reflections,  while  the  sudden  disappearance  of  the  sporadic  E- layer  at  a  certain  reflec¬ 
tion  point  caused  on  F 2-layer  reflection  with  a  consequential  increase  In  mode-delay.  The  variations  on  20  MHz 
may  be  Interpreted  as  indicating  a  change  from  chordal-hop  propagation  to  the  multihop-F  2-layer  mode,  in  which 
case  a  sudden  change  in  Hit  condition  should  have  been  the  cause. 

In  general,  it  should  be  emphasized  that  signals  displayed  well-defined  single-path  propagation  for  the  period 
prior  to  1st  December  1966.  After  the  change  In  location  of  WWV,  multipath  effects  have  a  much  more  pronounced 
'.tfiuence  upon  the  oscillographic  evaluation.  This  observation  is  in  agreement  with  the  fact  that  the  path  now 
crosses  the  polar  region  'see  fig.  4).  An  appropriate  statistical  analysis  is  to  be  published  at  a  later  date. 

For  each  observation,  the  tendency  in  the  chonge  of  a  loyer  structure  can  be  determined  from  change  in  the 
mode  delay  as  has  been  shown  in  Table  I.  This  value  can  then  be  used  to  instantaneously  correct  frequency  adjust¬ 
ments  end  transmitting  and  receiving  equipment  of  any  telecommunication  link  in  the  HF  range. 

4.  Conclusions 

The  monitoring  system  for  multi-frequency  mode-delay  described  in  this  paper  provides  a  reliably  method  of 
short-term  predictions  for  representative  paths  from  any  observational  point  on  earth.  An  automatic  and  continuous 
comparison  with  standard  path  characteristic  results  in  error  signals  which  are  directly  applicable  to  systems  selecting 
optimum  working  frequencies. 
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SUMMARY 


Short-term  prediction  of  oblique  Ionospheric  HF  communication  circuit  optimum  working  frequency  and 
quality  can  materially  aid  frequency  management  and  reduce  spectrum  congestion.  Real-time  prediction 
of  these  quantities  hss  been  implemented  with  a  small  digital  processor.  Ionosphere  support  (MOF,  LOF) 
and  multipath  up  to  80  minutes  in  the  future  are  estimated  using  a  linear  prediction  process  based  on 
oblique  sounder  measurements.  The  means,  variances,  and  covariances  of  the  variables  necessary  to 
the  prediction  process  are  stored  as  Fourier  coefficients  of  diurnal  variation.  This  provides  smoothing 
of  the  random  fluctuations  between  measurements  for  adjacent  periods,  and  in  addition  saves  storage 
space  relative  to  the  alternative  of  storing  averages  for  each  prediction  increment.  The  coefficients 
themselves  are  updated  in  a  manner  similar  to  the  formation  of  running  averages. 

The  processor  accepts  either  analog  (video),  or  digital  data  from  up  to  15  sounder  paths.  Provision  is 
also  made  for  accepting  measured  interference  or  noise  from  selected  communication  frequencies  to 
provide  a  direct  estimate  of  signal -to -noise  ratio.  The  ionosphere  forecasts  are  combined  with  the  signal - 
to-noise  ratio  to  rank  the  assigned  frequencies  in  order  of  expected  utility  during  the  prediction  period. 
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SHORT-TERM  PREDICTION  0?  HF  COMMUNICATION  OR  UTT  PERFORMANCE 
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INTRODUCTION. 

This  paper  will  describe  some  previously  unre-’orted  details  of  the  lonogrsm  reading  and  short-term 
prediction  processes  used  In  ar  HP- radio  short  teim  reliability  prediction  and  Tequercy  management 
system  called  the  "Path  Predictor"..  The  ionospheric  sounder  parameters  and  the  basic  linear  pre¬ 
diction  process  are  described  in  [ij  and  will  be  mentioned  here  only  briefly  for  reference.  Ionograms 
are  created  by  a  step -frequency  pulse  sounder  operating  at  20  pulses -per -second  with  2  pulses-per- 
cbaanel  and  40  linearly  spaced  channels-pcr  -octave.  The  Path  Predictor  has  been  impi-rmen^ed  both  for 
short  and  long  pulse  soundings  (100  ps  and  1  ms).  The  current  Path  Peed:.,  tor  a  (Granger  Associates 
Model  9077-3),  require  that  ionograms  be  in  the  form  of  a  video  signal  from  a  sounder  receiver.  Atka- 
ticp  of  a  pre-processing  unit  to  remote  receivers  would  alio-?  operation  with  several  such  remote 
receivers  via  teleprinter  lines. 

The  predictor  determines  the  Lowest  Observed  Frequency  (LOP),  Maximum  Observed  Frequency  (MCF), 
and  multipath  parameters  from  the  vide-  icrogram  and  predicts  these  quantities  for  80  minutes  in  the 
future.  If  a  Frequency  Usage  Monitoring  Equipment  (FUME)®  has  been  included  in  a  particular  system, 
the  Path  Predictor  combines  current  communication  channel  iiiterfercT.ce  infoimsilon  with  ionosphere 
predictions  to  predict  communication  channel  quality  and  issue  suggestions  for  timely  frequency  changes 
to  maintain  a  high  degree  of  circuit  performance. 

The  major  items  of  equipment  are  a  sounder  receiver,  an  interface  unit,  a  FUME  receiver  programmed 
to  periodically  measure  signal  level  on  a  number  of  arbitrarily  chosen  channels,  and  a  small  general 
purpose  digital  computer®.  Input  commands  and  predictor  output  are  via  standard  teleprinters. 

IONOGRAM  ENCODING. 

The  video  output  of  the  sounder  receiver,  figure  1,  is  sampled  by  the  digital  processor  acting  as  an 
analog-to -digital  converter.  Sounder  channel  output  consisting  of  background  noise  and  interference 
is  sampled  for  5  ms  before  the  received  pulse  is  expected.  A  threshold  just  above  95  percent  of  the 
samples  taken  during  the  noise  measurement  per.od  is  then  computed.  This  noise  threshold  establishes 
what  might  be  termed  an  amplitude  window  above  which  the  signal  must  extend  to  be  considered  a  possi¬ 
ble  ionospheric  echo.  The  sample  Interval  is  33  psec  for  both  signal  and  noise  measurements  when 
the  sounding  pulses  are  100  psec.  Longer  sample  intervals  and  narrower  receiver  bandwidths  are  used 
for  longer  pulses. 

A  time  window  is  established,  as  shown  in  figure  2,  to  logically  discriminate  against  spurious  signal  indi¬ 
cations  and  to  assist  in  mode  separation  when  short  pulse  ionograms  are  being  received.  Pulse  amplitudes 
which  exceed  the  noise  threshold  are  entered  numerically  in  the  cells  of  fig* ire  2,  each  column  of  which 
represents  signal  samples  taken  during  one  10  ms  signal  reception  period.  The  Wo  pulses  on  each  fre¬ 
quency  are  considered  together  by  marking  the  existence  of  a  possible  echo  only  when  10  out  of  the  12 
elements  that  define  a  time  window  contain  signsls.  This  process  is  repeated  with  the  time  window  de¬ 
layed  by  successive  sample  intervals  uutil  It  reaches  the  end  of  the  10  ms  signal  acceptance  period.  When 
short  pulse  ionograms  are  being  received,  the  time  window  will  normally  separate  several  distinct  poises. 
For  simple  path  prediction  these  multiple  echoes  are  combined  io  yield  a  single  effective  value  of  pulse 
duration.  The  modes  can  be  separately  processed,  however.  This  lias  been  done  for  encoding  of  vertical 
incidence  ionograms. _ 

(1)  J.  V/.  Ames  and  G.  F.  MacGlnitie  ore  Research  Engineers  in  the  Granger  Associates  Systems  Research 
Division,  of  whF'h  R.  D.  Egan  is  the  General  Manager. 
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To  further  guard  against  spurious  responses,  and  to  separate  modes  when  that  is  appropriate,  a  third 
window,  this  time  in  the  frequency  domain,  requires  signal  detection  on  5  out  of  8  adjacent  sounder 
channels  with  time  overlap  of  at  least  two  sample  intervals. 

Received  signals  passing  thi3  series  of  tests  are  reduced  to  two  digital  ionograms.  One  is  a  list  showing 
the  peak  pulse  amplitude  on  each  channel  and  the  other  Is  a  list  showing  total  pulse  duration  on  each 
channel.  Th»  amplitude  ionogram  is  also  coded  to  Indicate  channels  containing  no  detected  signals  but 
unusually  strong  interference.  This  information  Is  used  later  in  the  processing  to  permit  amplitude  inter¬ 
polation  over  such  channels. 

Logical  signal  processing  employing  the  above  time  and  frequency  windows  greatly  simplifies  the  determi¬ 
nation  of  Maximum  Observed  Frequency  and  Lowest  Observed  Frequency  (MOF  and  LOF)  from  the  result¬ 
ing  ionogram  since  virtually  all  spurious  signals  are  removed.  The  MOF  and  LOF  can  be  defined  sir.(.t:!y 
as  die  highest  and  lowest  channels  containing  identified  signals. 

MEAN  VALUE  CALCULATION. 

Prediction  of  the  ionosphere  parameters,  MOF  and  LOF,  is  by  die  linear  process  indicated  in  equations  1 
and  2  and  is  more  fully  described  in  reference  £lj  .  Predictions  are  made  for  each  of  the  following 
eight  10  minute  periods  arsd  are  renewed  every  10  minutes. 

*  (t  +  T)  =  x  (t  +  T)  +  [  x  (t)  -  x  (t)  ]  o(t,T)  (1) 

o(t  +  T)  =  a(t  +  T)  \  1  -  p2(t,T)  (2) 

x  (t)  =  mean  values  at  time  t  (of  MOF  or  LOF) 

o  (t)  =  standard  deviation  at  t 

o  (t,  T)  =  autocorrelation  at  t  for  delay  T 
^  =  predicted  value. 

In  earlier  methods  of  prediction,  die  means  and  variances,  x,  a,  and  p,  were  up-dated  by  the  running 
average  technique,  with  die  averages  for  each  10  minute  interval  independent  of  all  the  others.  With  this 
technique,  random  variability  in  the  input  data  resulted  in  unavoidable  growth  of  irregularities  is  the 
diurnal  curves  of  the  long-term  functions.  As  an  example,  the  dotted  curves  of  figure  3  are  the  result 
of  averaging  over  approximately  one  month's  data.  The  variations  from  smooth  curves  detracted  from 
thi  utility  of  short-term  predictions  by  introducing  large  fluctuations  in  the  estimation  of  the  time  re¬ 
maining  before  a  frequency  was  expected  to  fail.  For  example,  a  current  ionogram  might  have  a  MOF 
practic'd ly  equal  to  the  previous  one,  but  there  might  be  a  sharp  decrease  in  the  mean  MOF  between  two 
adjacent  future  times,  possibly  coupled  with  a  jump  m  the  standard  deviation.  This  could  cause  the 
estimate  of  time  remaining  before  MOF  failure  on  some  frequency  to  drop  from  70  minutes  to  30  minuter 
fa  one  10  minute  period. 

The  alternating  variations  in  adjacent  mean  values  of  MOF  and  LOF  and  the  short -period  fluctuations  of 
variance  and  covariance  appear  to  have  no  physical  significance.  These  irregularities  have  therefore 
been  eliminated  by  converting  the  long-term  data  to  a  limited  number  of  Fourier  coefficients  from  which 
the  desired  values  are  found  as  needed.  The  solid  MOF  curves  in  figure  3  show  the  results  of  this  pro¬ 
cedure  where  eight  harmonics  are  retained  for  the  mean  values  and  four  are  retained  for  the  standard 
deviation. 

Equation  3  illustrates  the  usual  method  of  deriving  Fourier  c  Ticients  from  a  set  of  data  with  a  24-hour 
period  of  I  K  10  minute  increments.  Equation  4  shows  the  process  used  in  the  Path  Predictor  for  re¬ 
newing  the  Fourier  coefficients  each  time  a  new  ionogram  is  received.  The  value  of  «  is  chosen  to  allow 
the  Fouzier  coefficients  to  follow  long-term  ionosphere  changes  with  a  time  constant  of  approximately 
11  days. 


Conventional  Fourier  coefficient  equation: 


a 


n 


T 


t=l 


x  (t)  >cos(2yt) 


(3) 


"Running  Average"  Fourier  coefficient  equation: 


an  (NEW)  =  an  (OLD)  +  t|  [x(t)-x(t)]cos(~)  (4) 

e  =  0.0944 
T  =  144 

Converting  the  diurnal  variations  of  the  long-term  data  to  Fourier  coefficients  not  only  improves  the  pre¬ 
diction  quality,  but  also  substantially  reduces  the  required  amount  of  computer  memory  capacity.  Table 
1  shows  die  ionosphere  data  storage  requirements  for  a  single  path  for  the  case  in  which  all  data  is  stored 
separately  and  also  for  2  degrees  of  data  compression.  The  first  step  in  reducing  the  data  storage  re¬ 
quirements  consists  of  approximating  the  autocorrelation  function  by  a  decaying  exponential  (as  described 
in  reference  £lj).  This  reduces  the  storage  requirement  from  2, 880  words  to  664.  Converting  the 
diurnal  variations  of  all  of  these  items  to  Fourier  coefficients  further  reduces  the  storage  requirement 
to  70  words  per  path. 


Autocorrelation 

Diurnal  Variation 

Item 

Simple  Storage  Delay  Approximated 

Reduced  To 

By  Exponential 

Fourier  Coefficients 

LOF(t) 

144 

144 

17 

MOF(t) 

144 

144 

17 

®MOF(t) 

144 

144 

9 

^LOFG) 

144 

144 

9 

PMOF(t,  10) 

144 

°MOF(t,  20) 

144 

<* 

• 

j>-  144 

9 

• 

•  | 

• 

•  i 

<MOF(t,  80) 

144  J 

^LOFCt,  10) 

144  "I 

°LOF(t,20) 

144  1 

« 

W  144 

9 

© 

•  I 

© 

•  1 

pLOF(t,  80) 

144  J 

Total 

2880 

664 

70 

Units  are  Words  of  Computer  Memory 
TABLE  1.  STORAGE  REQUIRED  FOR  HISTORICAL  DATA,  3  VERSIONS 


CIRCUIT  QUALITY  PREDICTION. 

The  prediction  of  total  circuit  quality  is  based  upon  three  factors:  propagation  support,  multipath  (MP), 
and  signal-to-noise  ratio  (SNR). 

Propagation  support  is  predicted  directly  as  die  probability  that  a  particular  channel  will  lie  between  die 
LOF  and  MCF,  which  are  assumed  to  be  normally  distributed  about  the  predicted  means  with  the  predicted 
standard  deviations  (equations  1  and  2).  This  process  is  fully  described  in  reference^!  J  and  is  illus¬ 


trated  in  figure  4,  which  shows  a  situation  in  which  the  presently  observed  MOF  is  about  3  MHz  below  the 
long-term  average  curve.  The  MOF  prediction  for  10  minutes  in  the  figure  is  very  close  to  the  presently 


observed  value  and  has  a  relatively  small  standard  deviation.  The  predictions  Tor  times  farther  in  the 
future  are  relatively  closer  to  the  long-term  average  curve  and  the  standard  deviation  has  increased.  In 
the  data  from  which  this  example  was  taken  the  observed  LOF  was  so  near  to  the  corresponding  average 
value  that  die  prediction  follows  the  diurnal  curve.  Figure  S  shows  the  variations  in  the  probability  of 
ionospheric  support  at  several  discrete  frequencies  calculated  from  the  predictions  of  the  previous  figure. 
The  probability  for  support  at  IT  MHz  is  seen  to  be  decreasing  because  of  die  decreasing  predicted  MOF 
and  the  increasing  predicted  variance.  The  support  probability  at  6  and  3  MHz  increases  because  of  the 
decreasing  predicted  LOF.  If  no  multipath  or  interference  data  were  available,  these  curves  could  be 
used  to  decide  when  to  change  operating  frequency.  One  might,  for  example,  decide  to  change  frequency 
whenever  some  other  frequency  is  predicted  to  be  10%  better  than  die  present  one  within  the  next  20  min¬ 
utes.  The  Path  Predictor,  however,  also  considers  the  effects  of  multipath  and  interference. 

The  effects  of  multipath  upon  communication  are  predicted  indirectly.  The  presently  observed  ionogram 
is  idealized  as  shown  in  figure  6,  with  the  LOF  and  MOF  as  described  previously.  The  frequency  at 
which  pulse  stretching  is  a  maximum  is  termed  the  MPF  (Multipath  Frequency)  and  in  the  idealization  all 
frequencies  below  that  are  regarded  as  having'an  equal  amount  cf  multipath  stretching  while  frequencies 
between  the  MPF  and  MOF  have  multipath  linearly  decreasing  to  zero  at  the  MOF.  The  prediction  of 
multipath  (MP)  «t  .  future  time  is  then  made  by  simply  translating  this  idealized  ionogram  in  frequency 
to  match  the  MO!'  predicted  for  the  future  time. 

MP(f,t+T)  =  MP(fx.-^^—  ,t)  (5) 

MOF(t+T) 

Consider,  for  example,  a  frequency  between  the  MPF  and  MOF.  If  the  MOF  is  predicted  to  increase,  then 
equation  5  predicts  that  the  multipath  at  die  frequency  in  question  will  also  increase. 

The  signal-to-noise  ratio  predictions  consist  of  estimates  of  the  values  that  would  be  achieved  currently 
if  the  communication  system  were  to  operate  on  each  of  its  assigned  channels.  These  estimates  are  de¬ 
rived  from  a  smoothed  version  of  the  amplitude  ionogram  and  of  interference  measurements  made  on 
specific  assigned  communication  channels  by  the  FUMB  receiver. 

Unlike  the  probability  of  ionospheric  support,  the  effects  of  multipath  and  signal-to-noise  ratio  are  not 
directly  representable  on  an  0-to-l  scale,  which  is  convenient  for  ranking  frequencies  in  order  of  desir¬ 
ability.  If,  however,  we  establish  a  performance  threshold,  such  as  receiving  a  standard  length  45-bit 
word  without  error,  the  effects  of  multipath  and  signal-to-noise  ratio  can  be  stated  on  a  0-to-l  scale  as 
the  probability  of  meeting  this  requirement.  An  overall  quality  estimate  is  then  conveniently  formed  by 
multiplying  the  three  factors. 

Each  individual  quality  factor  has  the  form 

Q  =  Pr£no  error  in  45  bits  J  =  (1  -  pe)^  a*e~*'^>e  (6) 

where  Pr£  J  =  Probability  of  the  event  in  the  brackets 

pe  =  bit  error  probability 

e  =  base  of  natural  logarithms 

(The  approximation  follows  from  the  definition  of  e). 

The  bit  error  probability.  Pe,  can  be  calculated  in  a  single  equation  including  both  signal -to -noise  ratio 
and  multipath.  These  effects  have  been  separated  for  programming  convenience  by  calculating  an  irreduc¬ 
ible  error  rate  for  each  factor  acting  alone.  The  computations  are  further  simplified  to  equations  7  and  8 
which  are  exponential  approximations  to  previously  calculated  curves  describing  these  effects,  reference 

M- 

pe  (MP)  =  i 

Pe(SNR,  =  10‘^r(SNR(db)  +  2) 


pe(  )  =  component  of  binary  error  probability  due  to  effect  in  brackets 

MP  =  multipath 

SNR  =  signal -to-noise  ratio 

Any  lack  of  absolute  accuracy  introduced  by  these  approximations  should  have  only  a  small  effect  on  the 
total  performance  of  the  predictor  since  it  is  sensitive  only  to  relatively  large  differences  between 
channels  in  predicted  total  quality.  Since  it  is  inconvenient  to  make  a  signal -to-noise  ratio  measurement 
on  the  channel  currently  in  use  by  the  communication  system,  its  component  of  quality  due  to  signal -to- 
noise  ratio  is  arbitrarily  set  to  0. 99.  If  a  separate  signal  analyzing  device  were  available  to  measure 
operating  channel  SNR,  its  output  could  easily  be  supplied  to  the  Path  Predictor. 

The  third  component  of  overall  quality  is,  of  course,  the  probability  of  ionospheric  support,  which  can  be 
used  directly  since  it  is  already  ia  the  form  of  a  'umber  varying  from  0-to-l. 

FREQUENCY  SELECTION. 

An  overall  quality  figure  consisting  of  the  product  of  the  above  3  factors  is  calculated  for  each  available 
frequency  for  each  10  minute  interval  from  10  to  80  minutes  in  the  future  (rr'ble  2).  This  array  of  numbers, 
the  size  of  which  depends  upon  the  number  of  frequency  channels  available  to  the  communication  system, 
is  the  basic  output  of  the  Path  Predictor.  Presented  this  way,  however,  it  probably  would  not  be  helpful 
to  ordinary  communication  system  operating  personnel.  A  separate  computer  subroutine  applies  decision 
criteria  to  this  ar<-ay  to  derive  a  recommendation  for  specific  system  operation  orders.  An  example  of  a 
simple  decision  rule  is  to  order  a  frequency  change  whenever  the  quality  predicted  on  some  channel 
exceed c  that  on  the  currently  operating  channel  by  more  than  10  percent  within  20  minutes  of  the  present 
time.  This  situation  is  illustrated  by  the  hypothetical  quality  prediction  array  of  Table  2  which  illus¬ 
trates  an  exaggerated  version  of  the  usual  nighttime  decrease  of  MOF.  Two  frequencies,  10. 3  and 
6. 7  MHz,  are  shown  as  they  would  appear  if  significant  interference  were  being  received  on  these  channels 
at  the  time  of  the  prediction. 


Future  (Minutes) 


Channel 

10 

20 

30 

40 

50 

60 

70 

80 

Frequency 

MHz 

L^tin 

ated  Channel  Quality 

3.3 

.IS 

.21 

.24 

.27 

.30 

.33  . 

36 

.39 

4.5 

.48 

.50 

.53 

.55 

.57 

,60 

63 

.65 

5.2 

.67 

.71 

-  .73 

.75 

.77 

.79 

81 

.83 

6.7 

.20 

.21 

.23 

.24 

.25 

.27 

28 

.30 

6.8 

.91 

.92 

.93 

.94 

.95 

,96 

97 

,98 

Alternate  „  _ 

Frequency  ^ 

.98 

.98 

.98 

.98 

,98 

CO 

CN 

98 

.98 

10.3 

.60 

,56 

.52 

.47 

.42 

35 

53 

.25 

Present  „ 

Frequency  ^ 

.90 

.80 

.71 

,63 

.53 

47 

41 

.30 

14.7 

.79 

.68 

.58 

.47 

.36 

.25 

10 

0 

17.5 

.35 

.30 

.22 

.12 

.02 

0 

0 

0 

20.9 

0 

0 

0 

0 

0 

0 

0 

0 

TABLE  2. 

CHANNEL  QUALITY  PREDICTION  ARRAY  (SIMULATED  DATA) 

The  technical  control  operator  has  the  option  of  following  the  frequency  change  order  without  question,  or 
of  requesting  a  display  of  all  or  part  of  die  quality  array  from  which  he  can  form  his  own  opinion  of  the 
best  response.  If  there  are  a  large  number  of  assigned  frequencies,  it  may  be  advantageous  to  request 
the  array  ordered  not  by  frequency  but  by  predicted  quality  at  a  specific  time,  such  as  20  minutes. 
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CONCLUSION. 

The  Pith  Predictor  system  described  tore  considers  automatically  all  factors  Ol  critical  importance  to 
the  usual  radio  system.  Other  factor:  euch  as  doppler  shift  and  diversity  correlation  could  easily  be 
included  if  they  were  especially  importarv  to  a  particular  communication  system,  and  if  sensor:  were 
provided  for  their  measurement.  Similarly,  rapidly  disseminated  warnings  of  ionospheric  disturbances 
based  on  solar  observation  can  be  incorporated  when  available. 

At  its  minimum  utilization  the  Path  Predictor  will  give  technical  control  operators  timely  reminders  of 
routine  frequency  changes  end  instructions  for  coping  with  at  least  some  kinds  of  unusual  conditions.  As 
experience  is  gained  with  predictor  systems,  and  as  communication  equipment  becomes  more  adapted 
to  fully  electrical  control,  the  direct  execution  of  frequency  change  commands  without  operator  inter¬ 
vention  will  h  a  distinct  possibility.  Technical  control  personnel  can  then  monitor  the  operation  of  the 
system  and  consider  improvements  to  its  strategy  without  die  burdens  of  routine  frequency  management. 
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Figure  2.  Signal  and  Mode  Hecognition  Logic 
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The  possibility  of  predicting  ionospheric  absorption  changes  on  one  propagation  path 
from  measurements  made  on  soother  is  discussed.  Vertical  and  oblique  incidence  absorption 
measurements  are  available  for  »  number  of  European  stations  and  these  have  been  examined 
for  similarities  in  absorption  variations  for  the  period  January  -  December  1966.  During 
ihe  equinox  and  winter  seasons  the  absorption  changes  were  found  to  be  well  correlated 
for  paths  with  mid  point  separations  of  less  than  600  km,  although  the  degree  of  correlation 
decreases  with  increasing  separation.  In  summer  the  correlation  is  not  as  clearly  defined 
and  for  path  mid  point  separation  of  more  than  300  km,  the.  correlation  is  not  significant. 

Care  has  been  taken  to  distinguish  between  the  general  seasonal  trend  and  the  day  to 
day  fluctuation  in  absorption. 


A  Comparison  of  the  Ionospheric  Absorption  of  B.F.  Radio  Wave* 
propagated  over  widely  spaced  paths 


Int roduction 

The  possibility  of  predicting  Ionospheric  absorption  changes  on  one  prcpagatiet  path  from  naasureaemts 
aade  on  another  is  of  interest  in  the  design  and  operation  of  H.F.  communications  circuit*.  Correlation  studios 
of  the  ionospheric  absorption  measured  at  widely  spaced  locations  have  been  reported  by  Rawer  (1?52) ,  and 
Beynon  and  Davies  (1954),  although  these  investigations  were  restricted  to  vertical  incidence  propagation.  In 
the  present  study  the  noon  absorption  values  for  s  number  of  oblique  incidence  pc—™  have  been  eaployed  is 
addition  tc  measurements  et  vertical  incidence,  ne  frequencies  and  pats  lengths  have  been  selected  SO  that  ell 
the  reflection  levels  occur  in  the  upper  D  or  lower  E -regions  of  the  ionosphere  sed  propagation  Is  by  the  oee 
hop  mode  in  all  cases. 

The  absorption  data  has  been  subjected  to  a  statistical  investigation  ce  the  degree  jf  correlation 
between  pairs  of  circuits  and  this  has  beer  exoi  ssed  in  terms  of  the  convention*?  corre lectin  coefficient  or) . 
Noon  values  only  have  been  considered  but  an  attempt  has  been  mads  tc  separate  ct»  Itrfrg  and  short  tens  vari¬ 
ations  for  each  of  the  three  seasons  l.e  Summer,  Equinox  and  Winter  The  correlation  between  the  absorption 
variations  on  any  two  circuits  is  found  to  depend  on  season  and  ;r.  the  separation  c!  the  mid -poises  of  toe  path 
considered. 


Method  of  Analysis 

The  correlation  between  any  two  sets  of  variables  Tt% ,  xg ,  x3 
pressed  in  terns  of  the  correlation  coefficient  r  ueflned  as 

r» 


and  >'j  .  7a-  ys  .  esn  be  er- 


Where  a  is  the  number  of  pairs  of  x  and  y  considered,  x  and  y  are  the  respective  arithmetic  means  and  Gx  and 
Gy  ere  the  standard  deviations  of  all  the  values  of  x  and  y  respectively .  The  significance  of  any  correction 
test  will  depend  on  the  size  of  the  sample  taken  and  throughout  the  present  study  the  significance  of  the 
coefficients  h«v«  been  established  by  means  of  the  well  known  rc”  test . 

Neon  absorption  values  have  been  reported  for  a  number  of  oblique  Incidence  paths  in  Western  Europe  for 
the  period  January  to  December  1966.  In  particular,  measurements  were  made  on  the  2.61  MHz  transmissions  from 
Norddeich  Radio  (W.  Germany)  received  at  Leicester,  Lindsu  and  Neustrelltz  and  on  the  2.775  MHz  transmission 
of  Kiel  Radio  received  at  Neustrelitz  Vertical  incidence  observations  for  this  period  on  frequencies  of  1.725 
and  2,0  MHz  have  been  published  by  the  Ionospheric  Institute  at  Freiburg.  Details  of  these  six  tranimlssion 
paths  and  their  equivalent  vertical  frequencies  are  given  in  Table  1. 

The  correlation  coefficient  ha?  been  evaluated  for  the  circuits  taken  in  pairs,  thus  every  separation  of 
path  mid-point  obtainable  from  the  original  six  sets  of  observations  was  considered,  it  was  possible  to  fern 
fifteen  pafra  from  the  data  available  as  Indicated  tr.  Table  1,  which  lists  the  pairs  of  circuits  In  order  of 
Increasing  separation  cf  the  path  mid-oolnta 

Measurements  were  av  liable  for  at  least  20  days  per  month  throughout  the  year,  and  the  data  were 
divided  into  three  periods  corresponding  co  Winter  (January  and  February),  Equino..  (March  and  April)  and  Summer 
(May  to  August).  Since  the  absorption  is  Known  -o  exhibit  anomalies  in  Winter,  a  second  Winter  period  com¬ 
prising  the  three  months  0ctobe.r  to  December  was  also  included  in  the  correlation  studies. 


<>'Jy  Values 

The  correlation  of  the  aaxly  noon  values  of  abso.p.»on  was  first  examined  and  no  attempt  vac  made  to 
separata  long  term  changes  fio®  short  term  fluctuations  Ihe  ret, .n  for  the  fifteen  pairs  of  paths  in  Table  1 
are  presented  in  Table  2  which  list*  the  correlation  coefficients  for  each  month  it  addition  to  the  four 
periods  referred  to  above.  In  Figure  l  the  correlation  coefficients  ore  -i  splayed  as  a  function  of  the  separa¬ 
tion  of  t  .v*  paih  mid-points.  A  high  correlation  is  obtained  during  che  Equinox  monti.r ,  tfca  correlation 
coefficient  decreasing  with  increasing  separation  ,-f  t he  path  mid-po.jts.  .n  Pinter  t&e  correlation  coefficient 
is  also  teiily  High  for  separations  of  up  to  400  Vm.  ou*  for  distances  great'**'  har  this  there  is  a  rapid 
decrease  in  r.  The  aurmner  period  is  pari  i<-  ularly  int  e.-ee'-cg  s^nce  ac.  coirelet*v  is  evident  between  any  of  the 
absorption  results  and  the  separation  of  the  p.rh  old -paints  ,.f  of  little  signif -cance . 

The  -/try  high  correlation  during  Equinox  is  nc  unexpected  *■  .urge  changes  occur  in  the  seasonal 

variation  of  sbuorptior.  at  this  time  The  high  cent  at  _-v*  would  sees  to  be  a  uircct  result  of  these  seasonal 
effects  which  would  produce  similar  changes  ir.  sli  the  pat.?  considered. 


-- 


■w'fefcisu  idUf-SM1'! 


s*. 
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Long  Period  Variations 

In  order  to  teat  the  influence  of  long  term  changes  on  the  correlation  coefficients,  seven  day  running 
naans  of  the  daily  values  were  determined  for  the  Summer..  Equinox  and  Winter  periods.  The  running  means  were 
subjected  to  the  same  correlation  analysis  as  the  daily  values  in  the  previous  section  and  the  results  are 
given  in  Table  3.  The  correlation  coefficients  are  displayed  as  a  function  of  the  path  mid-point  separation 
in  Figure  2. 

The  equinox  data  now  yield  exceptionally  high  coefficients  with  values  of  r  ~  0.7  even  for  displacements 
of  700  km.  In  the  path  mid-points.  There  is  a  slight  decrease  in  r  with  increasing  distance  but  a  high  degree 
of  correlation  exists  between  all  pairs  of  data.  The  two  Winter  period*  indicate  a  high  correlation  for  small 
separations  of  the  path  mid-points  although  the  rapid  decrease  of  r  with  increasing  distance  evident  in  the 
January-Feb rua ry  data  does  not  occur  in  the  second  Winter  period.  The  absorption  changes  during  the  summer 
months  are  not  correlated. 

Short  Term  Fluctuations 


[!  In  view  of  the  marked  differences  between  the  daily  and  running  mean  results,  an  attempt  was  made  to 

correlated  the  short  term  changes.  For  this  investigation  the  differences  between  each  daily  value  of  absorption 
and  the  corresponding  seven  day  running  mean  were  subjected  to  the  correlation  analysis.  The  values  of  r  for 
the  fifteen  pairs  of  paths  for  each  month  and  the  S usurer ,  Equinox  and  Winter  periods  are  tabulated  in  Table  4. 
The  correlation  coefficients  are  plotted  as  a  function  of  the  path  mid-point  separation  in  Figure  3.  The 
coefficients  for  the  equinox  months  are  now  smaller  than  those  obtained  with  the  daily  and  running  mean  data, 
indicating  that  the  high  values  for  these  cases  were  to  a  large  extent  due  to  the  marked  seasonal  changes  and 
not  to  short  term  influences.  The  correlation  coefficients  of  the  difference  values  during  Winter  are  greater 
than  both  daily  and  running  mean  results.  This  suggests  that  during  this  period,  short  term  changes  take  place 
which  simultaneously  influence  all  the  paths.  In  Winter,  intervals  of  anomalously  high  absorption  occur  which 
normally  persist  for  a  few  days  and  which  Thomas  (1962)  has  shown,  can  extend  over  a  sufficiently  large  area 
,  to  affect  all  the  paths  considered  in  the  present  investigation.  No  correlation  is  evident  in  the  summer  period 

;  and  the  values  of  r  are  less  than  those  obtained  using  the  daily  and  seven  day  running  mean  data. 

|  Summary 

|  The  similarity  of  the  absorption  variations  on  the  circuits  considered  is  dependent  on  season  and  on  the 

»  separation  of  the  path  mid-points.  The  correlation  between  daily  values  is  influenced  by  long  term  seasonal 

|  changes,  although  short  term  fluctuations  can  also  give  high  correlation  coefficients  for  the  Winter  months. 

I'  During  periods  when  absorption  variations  are  well  correlated  the  correlation  decreases  with  increasing  ceps  ra¬ 

tion  of  the  path  mid-points. 

In  Winter,  the  correlation  coefficients  are  high  for  both  daily,  running  mean,  and  difference  values.  There 
is  a  decrease  in  r  with  increasing  path  midpoint  separation  and  this  is  especially  noticeable  in  the  case  of  the 
running  meau  results.  The  difference  values  give  the  best  correlation  for  all  separations  indicating  that  all 
the  paths  are  influenced  by  ahort  term  changes  as  for  example,  during  the  periods  of  anamalously  high  Winter 
|  absorption.  The  highest  correlation  coefficients  are  obtained  for  the  Equinox  data  which  also  decrease  with 

j  increasing  distance  between  path  midpoints.  It  is  evident  from  a  comparison  of  the  running  mean  and  difference 

;  values  that  the  similar  variations  of  the  daily  values  of  absorption  on  all  the  patha  is  due  to  the  influence 

j  of  the  large  seasonal  changes  in  absorption  which  take  place  during  these  months. 


j  No  correlation  was  evident  between  any  of  the  circuits  in  Summer  and  no  systematic  changes  with  path 

midpoint  separation  could  be  detected.  This  conclusion  is  in  agreement  with  the  earlier  work  of  Rawer  (1951) 

(  for  vertical  incidence  absorption.  Piggott  (1955)  suggests  that  the  law  correlation  between  absorption  measured 
s  at  spaced  stations  is  a  consequence  of  the  different  experimental  techniques  employed  since  the  results  will 

s  therefore  include  experimental  errors  of  varying  magnitudes.  It  seems  unlikely  that  thjs  is  the  sole  cause  of 

the  low  correlation  unless  the  errors  were  in  excess  of  the  absorption  changes  during  the  period  considered.  It 
Is  perhaps  worth  noting  however,  that  the  day-to-day  absorption  changes  are  smaller  in  Simmer  than  at  any  other 
time  and  therefore  random  errors  are  likely  to  produce  lew  correlation  coeff relents  for  this  period.  During 
Equinox  and  Winter  large  changes  in  absorption  occur  which  will  dominate  the  fluctuations  introduced  by 
inaccuracies  in  the  measurements.  The  regular  decrease  of  the  correlation  coefficient  with  increasing  separation 
of  the  path  midpoints  would  not  be  obtained  if  the  observations  were  contaminated  by  large  experimental  errors. 


An  attempt  was  made  to  investigate  the  dependence  of  the  correlation  coefficients  on  the  difference  in 
the  equivalent  vertical  frequencies  of  the  circuits.  This  difference  is  given  as  t  f  cos  i  in  Table  1.  A 
systematic  change  in  the  correlation  coefficient  with  £  f  cos  i  could  not  be  detected  in  any  of  the  data  con¬ 
sidered.  It  was  therefore  concluded  that,  provided  the  reflection  levels  occur  in  the  same  general  height  range 
and  that  one  hop  modes  only  are  considered,  the  separation  of  the  path  midpoints  rather  than  the  separation  of 
reflection  levels  (£  f  cos  i)  controls  the  degree  of  correlation  between  any  two  circuits  during  the  Winter 
and  Equinox  periods. 


It  seems  possible  to  relate  the  absorption  changes  on  one  circuit 
and  Winter  periods.  The  degree  of  correlation  differs  for  long  term  and 
decreases  with  increasing  distance  between  the  path  mid-points.  For  the 
is  evident  on  any  of  the  paths  considered. 


to  those  on  another  for  the  Equinox 
short  term  changes  and  the  coefficient 
Sunmbcr  months  however,  no  correlation 
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TABLE  1 

Pairs  of  Stations  for  which  Noon  Absorption  Values  have  been  Correlated 


mu 

t  (MB*) 

path 

(ka) 

r  Co.  i 

PAW 

t  (Mas) 

path 

(ka) 

f  Coa  i 

Separatioca  of 
Path  Mi dpt . 

Af  Coa 

1 

Fra lteff  (Vartical) 

2*050 

0 

2*05 

fratterg  (Vertical) 

1*725 

0 

1*725 

0 

0*325 

2 

MarAietoh  -  Mawtrallts 

2*614 

395 

1*20 

fial  «  Nauatrelitr 

2*775 

220 

1*900 

110 

0*70 

J 

MartfAeleh  -  Liadau 

?*6ll 

295 

1*45 

Nordiaich  -  Neuatralits 

2*6t4 

595 

1*200 

147 

0*25 

4 

MorAAaiek  -  LUdm 

2*61% 

295 

1*45 

Kitl  -  Nauetrallts 

2*775 

220 

1*900 

245 

0*45 

5 

MonHelcfc  -  24Mti 

2*6l4 

2C5 

1*45 

Norddalch  -  Lalcaatar 

2*614 

550 

0*89* 

350 

0*56 

6 

MorMalch  -  fettrtrtlita 

2*614 

395 

1.20 

NorMaich  -  Laicaater 

2*6l4 

550 

0*894 

420 

0-31 

1 

Xtal  -  Neuatralits 

2*775 

220 

1*30 

Norddaich  -  Laiccatar 

2*C14 

550 

0*894 

440 

1*01 

t 

Preiterj  (Vertical) 

2*050 

0 

2*05 

Norddalch  -  Lindau 

2*614 

295 

1*450 

543 

0-60 

9 

Fralterf  C  *  ) 

1*725 

0 

1*725 

Nojddaich  -  Lindau 

2*614 

295 

1*450 

543 

9*275 

10 

Freiberg  (  "  ) 

2*050 

0 

2*05 

Norddalch  -  Leicester 

2*6l4 

550 

0*894 

620 

1*16 

11 

Freiberg  (  *  ) 

1*725 

0 

1*725 

Norddalch  -  Laieaster 

2*614 

550 

0*894 

620 

0*631 

12 

Prelterg  (  n  ) 

2*050 

0 

2*05 

Norddalch  -  Neuatralits 

2*6l4 

395 

1*200 

665 

0.85 

13 

Frelterg  (  "  ) 

1*725 

0 

1*725 

Ho4*dd»ich  -  Neuatralits 

2*614 

595 

1*200 

665 

0*53 

1% 

Matter*  (  **  ) 

2*050 

0 

2*05 

i.**l  -  Neuatralits 

2-775 

220 

1*900 

727 

0*15 

15 

Matter*  (  K  ) 

1  :-7 

0 

1*725 

Kiel  -  heustrelits 

2*775 

220 

1*900 

727 

0*175 

x\ 


TABLE  8 

Correlation  Coefficient  for  the  Daily  Values  of  Noon  Absorption 
for  the  Different  Paths  During  1966 


UT. 


Csmli.tion  cotfficiwt  r  for  mrisua  aoath.  aa4  miwt 


«*. 

JM- 

F*b. 

Har. 

Apr. 

*»jr 

June 

Jalr 

Auf. 

Sap. 

Oct. 

Mot. 

Dae. 

Jen.- 

Fab. 

Mar.- 

i»r. 

"•J- 

4*4- 

Oct.* 

Sac. 

I 

.70 

.78 

.69 

.78 

*43 

•30 

•  se 

.29 

.66 

.65 

•  34 

.62 

.74 

.81 

.39 

.68 

2 

•90 

.79 

.74 

■  53 

-.01 

-.04 

.19 

-.03 

.86 

.56 

.69 

•  42 

.75 

.72 

.02 

.58 

3 

.78 

.77 

.92 

.56 

-.19 

.11 

-.10 

.04 

.78 

.49 

.76 

•35 

.78 

.86 

-.06 

.64 

4 

.76 

.87 

.79 

.41 

.37 

.03 

.39 

.74 

.36 

.66 

.83 

.63 

.67 

.74 

.46 

.82 

S 

.7* 

44 

.88 

■  59 

.22 

.02 

•  IS 

.29 

.71) 

.68 

.76 

.62 

.67 

.67 

.19 

.71 

6 

.82 

.67 

.72 

.51 

-.12 

.07 

.12 

.32 

.07 

.48 

.78 

•  51 

.69 

•  56 

.  0 

•  54 

7 

-73 

•  SI 

.87 

.63 

.02 

.23 

•  39 

.12 

■  SO 

.33 

.62 

.46 

.56 

.69 

.22 

.» 

< 

.66 

•  23 

•  96 

.44 

-.22 

.30 

.22 

•09 

-.09 

.42 

-.18 

.39 

.49 

.90 

-.92 

.41 

9 

•  58 

•35 

.73 

.48 

-.05 

-.17 

.24 

-.02 

.15 

.58 

•33 

■  33 

.48 

■64 

.05 

■  58 

10 

•  SS 

.28 

.60 

.30 

-.15 

.08 

.17 

.12 

.02 

.61 

•  32 

■  56 

.45 

•4$ 

.10 

.44 

11 

•  S9 

.42 

.72 

.36 

-.os 

.27 

.20 

•  15 

■  24 

.71 

.40 

.64 

•  S3 

95 

.18 

-57 

12 

.43 

.29 

.58 

.26 

-.11 

.13 

.12 

15 

.10 

.30 

-.09 

-.10 

.39 

•  53 

.48 

.22 

13 

.42 

.33 

.67 

.13 

.38 

.10 

.06 

,49 

■  34 

.42 

.12 

.16 

.38 

•  57 

.32 

.40 

14 

.41 

•  IS 

.49 

.06 

-.03 

44 

-•5 

.36 

-.91 

.62 

-.09 

.55 

.21 

•  39 

.  1 

'  .97 

IS 

>35 

.26 

.73 

-.06 

-.07 

-34 

34 

.11 

.27 

.63 

.36 

.6? 

.22 

•  56 

.26 

.69 

TABLE  3 
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Correlation  Coefficient  for  the  Seven  Pay  Running  Means 
of  the  Daily  Values  of  No«.n  Absorption  During  1966 


Ref. 

U. 

Correlation  coefficient  r  for  rericus  aeaaona 

Jan. -Feb. 

Kar.-Apr. 

May-Aug. 

Oct. -Die. 

1 

.85 

.94 

.46 

.76 

2 

•  53 

.90 

.11 

.68 

3 

.74 

•  92 

.12 

* 

00 

4 

.24 

.92 

•  44 

.86 

5 

•  71 

.87 

oo 

CO 

.82 

6 

•  57 

.91 

.41 

.70 

7 

.61 

.82 

.26 

•  77 

8 

•  47 

.71 

.01 

•43 

9 

.41 

.80 

.06 

•73 

10 

.24 

.74 

.26 

.54 

11 

•  31 

.78 

•  31 

.71 

12 

.12 

.69 

.44 

» 

OO 

13 

.24 

.74 

.60 

.66 

H 

-.16 

.65 

•  31 

.70 

15 

-.07 

•72 

•  37 

.88 

TABLE  4 

Correlation  Coefficient  for  the  Deviations  of  the  Da^ly  Values 
from  the  Seven  Day  Running  Means  During  1966 


Correlation  coefficient  r  for  rtrloul  non  the  end  ooaeoni 


Mf. 


Vo. 

J»a. 

r«b. 

Mar. 

Apr. 

Her 

Jon. 

July 

AUl. 

Sep. 

Oct. 

Nov. 

Dor.. 

Juu- 

r«h 

Har.- 

Apr. 

*>r- 

tmt. 

Ott.- 

Bae. 

1 

•7J 

.53 

.27 

.47 

.20 

.15 

•  58 

.38 

- 

•22 

•  54 

.84 

.62 

•37 

.28 

.49 

2 

■  93 

.33 

.31 

.22 

•  31 

-.11 

-29 

.19 

- 

■  24 

•  St 

•45 

.84 

.62 

.07 

•43 

3 

.67 

.71 

•92 

.41 

-.19 

.19 

-.27 

-.10 

- 

•  31 

•  58 

.22 

.78 

.81 

-.15 

.37 

A 

.8; 

.90 

.91 

.28 

•  36 

.16 

.41 

•  58 

- 

.76 

■  54 

.68 

.86 

.63 

.30 

.61 

5 

•  S4 

.71 

.75 

.34 

.11 

.12 

-.06 

.30 

- 

.46 

•  46 

•  S3 

.78 

.62 

.14 

.49 

6 

.52 

.72 

•  76 

.20 

.21 

.01 

.05 

.11 

- 

.53 

•  50 

.61 

.76 

-60 

.11 

•36 

7 

•  79 

.55 

.60 

.27 

•05 

.22 

.12 

..14 

- 

.26 

.43 

•so 

.73 

..o 

.18 

.46 

8 

.60 

-.03 

.22 

.21 

•  34 

.39 

-.01 

.05 

- 

.25 

.40 

.52 

■43 

•23 

-13 

.3* 

V 

.63 

.46 

.34 

36 

.22 

-52 

-.06 

-.04 

- 

.46 

.37 

-42 

•  56 

•30 

.05 

.41 

10 

.67 

•  IS 

•  35 

•05 

.02 

.16 

.02 

.4.1 

- 

.22 

.12 

.48 

.46 

.26 

.12 

.28 

11 

.61 

.34 

.31 

•  U 

-.09 

.01 

-13 

.06 

- 

.44 

.26 

-34 

S3 

.26 

-.06 

•32 

12 

.58 

.06 

•  34 

•  37 

-28 

.40 

-.24 

-.02 

- 

-04 

-.64 

-16 

.41 

33 

-.08 

-.M 

«3 

•  55 

.37 

•  32 

-.09 

-31 

.11 

-*s 

.30 

- 

.29 

.06 

-13 

.45 

.15 

-.09 

.16 

w 

.65 

-.11 

.21 

-.09 

-.12 

.14 

.07 

•45 

- 

.01 

•  33 

.54 

•  35 

•04 

4  if 

» 

IS 

.43 

.37 

•  U 

.05 

.15 

-.09 

-.14 

■  31 

- 

.63 

.17 

•  3* 

.46 

.03 

.a 

.40 

POSITIVE  PHASES  AND  DISTURBANCES  OP  THE  IONOSPHERIC  WAVE 


PROPAGATION  IK  COMPARISON  WITH  SOLAR-TERRESTRIAL  EVERTS 

by 

B.  Beckmann 

Research  Institute  of  the 
Fernmeldetechnisches  .'Central  amt  Darmstadt 


i 

1 


STOMARY 


Positive  phases,  that  is ,£normal!y  wide  transmission  frequency  ranges  (MUF  -  IDF) 
with  abnormally  high  field  strengths  usually  indicate  the  presence  of  active  centres 
on  the  sun.  A  decrease  of  the  radio  propagation  quality  from  above-normal  values  may 
be  considered  as  an  indication  of  imminent  disturbances.  In  some  cases,  the  decrease 
is  confined  to  the  range  between  "above-normal"  and  approximately  "normal"  in  spite 
of  magnetic  disturbance  and  solar  activity  while  substantial  local  drops  of  the 
critical  frequency  foF2  (night  minimum)  aie  to  be  observed.  During  a  27-days 
repetition  period  the  decrease  in  the  above-normal  range  may  initiate  a  sequence 
of  recurrent  disturbances,  that  is,  local  drops  may  develop  into  world-wide  distur¬ 
bances.  These  ionospheric  observations  can  De  evaluated  for  forecasting  by  means  of 
an  extrapolation  ia  time.  During  the  course  of  this  changing  sequence  of  positive 
phases  a«d  disturbances  the  following  average  results  regarding  the  nature  of  solar- 
terrestrial  relations  can  be  obtained  from  superimposed  epochs: 

1)  The  frequency  propability  of  local  drops  of  the  night-tima  critical  frequency  of 
the  F-layer  in  mid-latitudee  reaches  up  to  20#  and  varies  with  the  geomagnetic 
activity,  whereas  in  times  of  world-wide  radio  disturbances  the  figure  is  100#. 

2)  Positive  phases  may  oe  followed  by  a  decrease  in  the  abcve-normal  range  of  the 
propagatio’  quality  which  can  be  accompanied  by  moderate  geomagnetic  activity, 
moderatelj  growing  solar  activity  (flares,  colar  radio  events  etc.),  local  drops 
of  the  critical  frequency  and  modulations  of  the  cosmic  rays. 

?)  If,  simultaneously,  the  flux  cf  the  solar  10  cm-radiation  changes  in  that  it 
either-  rises  or  declines  steadily  while  there  is  a  strong  increase  in  the  flare 
activity,  a  worid-wide  radio  disturbance  can  be  expected  to  follow  after  3  or  4 
days,  if,  however,  the  10  em-radiation  ar.d  flare  activity  which  increase  during 
the  formation  of  the  positive  phase  will  also  show  a  downward  tendency  when  the 
positive  phase  begins  to  decline  the*  the  probabili+y  is  greater  that  there  will 
be  no  world-wide  radio  disturbance.  During  the  subsequent  magnetic  activity  the 
cosmic  ray  intensity  will  increase. 

4)  The  upward  tendency  of  the  cosmic  ray  intensity  occurring  due  to  eruptive  centres 
on  the  eastern  side  of  the  sun  rill  be  weafcende  or  will  turn  into  a  downward 
tendency,  respectivively,  if  these  centres  r.  re  situated  in  the  central  zone  or 
on  the  western  side. 

5)  During  th:  disturbance  the  Forbusb  effect  is  often  found  to  be  accompa?’ied  by  an 
increase  xn  the  ionospheric  absorption. 

6)  Superimposed  epochs  from  30  solar  rotations  (1965-1967)  of  the  ionospheric  propa¬ 
gation  quality,  the  geomagnetic  acitivity  and  the  cosmic  ray  intensity  indicated 
a  relatively  rigid  course  which  was  probably  attributable  to  the  interplanetary 
magnetic  field  of  the  sun.  The  above  mentioned  components  run  almost  parallel 
with  one  another  an!  were  particularly  pronounced  around  the  9tb,  the  16th  and 
the  23rd  day  of  the  rotation.  The  maximum  intensity  of  the  disturbances  occurred 
around  the  9th  day  with  the  following  peaks  decreasing. 


by 
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The  transmission  frequency  range  can  be  used  for  the  definition  of  wor?.  d-wide 
ionospheric  propagation  situations  as  has  been  described  in  former  papers  among 
others  in  a  lecture  held  by  my  colleague,  Mr.  Ochs,  at  the  Symposium  of  ths 
Ionospheric  Research  Committee  AGARD  AVIONICS  PANEL  in  Naples,  Italy  .-  In 
that  case  +  ho  ionospheric  propagation  parameters  qussi-MUl?,  LOP  and  mean  loga¬ 
rithmic  fi.-.id  strength  ¥  were  combined  in  a  "band  characteristic  figure"? 

BK  =  (J4UP  -  LU?  +  1).  ¥. 

If  the  ratio  of  the  time  average  SE  of  a  day  and  a  night  period,  respectively, 
related  to  the  respective  pxopagetior,  natb  to  the  corresponding  running  mean 
of  preceding  27  days  (=1  solar  rotation)  5R  *  is  formed,  one  obtains  the  rela¬ 
tive  band  characteristic  figure  0 


BKr  “ 


BK 


BK. 


rot 


Positive  pbeses  are  then  defined  by  BK  > 1  and  disturbances  by  BK^I  if  BK  a  1 
corresponds  to  the  normal  conditions  related  to  the  27-day  average.  Since  it  has 
been  customi  y  in  earlier  j ears  to  chaiffiterize  the  propagation  conditions  by 
means  of  a  scale  from  useless  to  excellent  (  =  better  than  average),  it  is  also 
possible  to  express  the  relative  band  characteristic  figure  in  this  kind  of  scale 
..f  the  parameters  HU?,  LDP  and  ¥  of  the  transmission  frequency  range  are  observed 
and  BK  =  1  is  adapted  to  the  normal  value  of  the  respective  scale.  The  American 
quality  scale,  which  will  be  used  in  the  following,  runs  from  G  -  I  (useless)  to 
9  (excellent)  with  G  =  6  as  normal  value.  The  quality  figure  of  the  ionospheric 
propagation  thus  is  G  =  6  *  BK .  It  describes  within  certain  limits  the  varia¬ 
tion  of  the  mean  field  strength  of  the  transmission  frequency  range  which  is 
controlled  fcy  the  MOP  and  i- CP  variations  [23  • 


Pig.  5  3hcw8  as  an  example  the  transmission  frequency  range  for  DSA  (circuit 
Prankfurt  -  New  York)  for  June  1967  as  monthly  median  values  according  to  obser¬ 
vations  and  prediction  calculations.  The  frequency  is  plotted  on  the  ordinate 
and  the  daytime  on  the  abscissa.  The  dots  represent  the  ooservations.  Their 
t.iickness  is  a  measure  for  the  field  strength  and  their  number  in  a  square  of 
1.5  a  and  1  MHz  a  measure  for  the  frequency.  The  curves  of  constant  field 
strength  are  taken  from  the  calculated  prediction.  The  transmission  frequency 
range  is  at  the  lower  end  limited  by  the  ionospheric  absorption  and  at  the  upper 
end  by  the  ionospheric  refraction  including  scatter  due  to  irregularities  of  the 
ionosphere.  The  field  strength  ricee  from  both  limits  and  has  its  maximum  about 
in  the  middle.  The  transmission  frequency  range  shows  changes  which  exceed  the 
permanently  existing  statistical  fluctuations.  In  the  case  of  disturbances  it 
shrinks  with  decreasing  field  strengths  and  in  the  esse  cf  positive  phases  it 
extends  with  increasing  field  strengths  shove  its  normal  value.  This  is  -  as 
described  -  aiao  expressed  m  the  quality  figure  which  is  the  product  of  the  . 
transmission  frequency  range  in  MHz  and  the  mean  field  strength.  Por  this 
examples  are  given  ir  Pig.  2  [ 2 3  • 


Pig.  2a  shows  the  diurnal  variations  of  the  transmission  frequency  ranges  re¬ 
presented  together  with  solar-terrestrial  events  which  cause  the  disturbances 
ang/or  run  larallel  with  them.  In  lines  7  to  9  the  following  is  drawn  in  accord¬ 
ing  to  transmission  frequency  range  observations  mads  fcy  the  radioeaonitoning 
station  at  the  overseas  radio  receiving  station  Liicbow  for  the  directions  USA 
(east  coast),  South  America  and  East  Asia  in  1  1/2  -  nour  intervals  for  several 
days  (29-  August  to  1  September,  1?6fc,  first  line,  at  the  top)? 

s)  t-.nd  LOP'*  =  border  of  the  dashed  areas,  [published  in  ESSA  Solar- Geo¬ 
physical-Data  3  • 

b-  mean  **ield  strengths  of  the  observed  ranges,  scale  in  S-values  from  ''white" 
(lowest  field  strergt?i)  over  increasing  dashing  to  filled  up  (highest  field 
strength), 
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"^MOr  =  Maximum  Observed  Frequency 
10?  =  Lowest  Observed  Frequency 
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c)  oand  characteristic  figures  (solid  curve)  calculated  as  product  of  the  trans¬ 
mission  frequency  range  "in  MHz  (enlarged  by  1)  and  the  mean  field  strength 
(S-values)  for  characterizing  the  resnectlve  ionospheric  propagation  quality 
(3cale  0  to  150), 

d)  quality  figure  G  calculated  by  reference  to  a  running  normal  value  and  adap¬ 
tion  to  the  international  quality  scale  of  the  propagation  forecast  (averages 
for  daytime  period,  night-time  period  and  tee  wnole  day  =  arrows  left  12.00 
hours,  right  00.00  hours,  right  12.00  hourn,  G  =  6  normal  value)  [published 
in  the  daily  ursigram  ]  . 

A  normaVtransmission  frequency  range  can  be  seen  on  29  August.  But  an  earth- 
magnetic  activity  (second  line)  etarts  (Three-Hour  Bartels  Indices  from  Vfingst 
with  Sudden  Storm  Commencement,  SSC).  There  is  flare  activity  on  the  sun,  espe¬ 
cially  strong  at  06.00  GMT  (fourth  line  arrows  pointing  in  upward  direction)  and 
accompanying  bursts  (third  line,  vertical  bars  and  arrows,  respectively,  overall 
range  50  MEz  to  10  GHz  for  hurst  and  drift  types)  as  well  as  a  ionospheric  con¬ 
sequence  SID's  (Sudden  Ionospheric  Disturbances)  known  as  "Mogei-Dellinger- 
effeci"  in  radio  propagation  (fifth  line).  Some  increases  in  radiation  in  the 
X-ray  range  measured  by  satellites  are  entered  under  the  SID’b.  The  critical 
frequencies  of  the  F2-layer  of  the  ionospheric  station  Lindau++  (solid  curve") 
are  to  be  found  in  the  6th  line  Just  like  those  of  station  Kiruna  (crosses  for 
6  hourly  values).  The  letter  B  meanB  that  all  reflections  in  the  ionogram  of  the 
Swedish  station  Kiruna,  which  is  situated  in  the  auroral  zone,  disappear  due  to 
a  strong  increase  in  absorption  called  blackout.  On  30  August  a  strong  deterio¬ 
ration  of  the  radio  propagation  in  the  direction  USA  follows "(shrinking  of  the 
transmission  frequency  range,  decrease  of  the  quality  figure  from  6  to  2,  low 
field  strengths,  see  7th  line).  South  America  and  East  Asia  are  not  affected  to 
the  same  extent  (8th  and  9th  line).  Here  the  quality  figure  decreases  only  to  4. 
Parallel  is  a  decrease  of  the  critical  frequencies  of  the  stations  Undau  and 
Kiruna  (6th  line)  in  the  night  from  30  to  31  August  with  blackouts  in  Kiruna. 

During  the  time  from  31  August  to  1  September  the  propagation  quality  becomes 
normal  again  although  the  magnetic  activity  continues  as  does  the  solar  activity. 
The  variation  in  field  strength  of  the  coastal  radio  station  Korddeich  on  2.6  MHz 
(DAJT-scali  in  dB),  measured  in  Darmstadt  and|/tiindau  (10th  line  at  the  bottom  of 
the  Pig.)  indicates  also  in  our  latitudes  -  after  a  temporary  decrease  -  an 
increase  of  the  absorption  after  the  beginning  of  the  disturbance. 

Pig.  2a  1  shows  in  the  time  from  30  August  to  1  September  a  decreasing  chromo¬ 
spheric  plage  density  on  the  eastern  side,  an  increasing  one  in  the  central  zone 
and  on  the  western  aide,  that  means,  sharply  limited  active  region  moves  from 
East  tc  West  with  the  3olar  rotation.  As  can  be  seen  in  Pig.  2a  2,  on  the  29th, 
that  is  one  day  before  the  disturbance,  there  is  a  spot  group  with  the  developing 
stages  G,C,I  in  CM?  with  a  noise  intensity  in  the  cm-range  of  62  •  io4  °K  and 
meter  wave  bursts  (strip  localization).  The  flux  of  the  10  cm-radiation,  measured 
in  Ottawa  decreases  in  the  time  from  29  Aug.  to  1  September  from  $  =  130  to 
f  =  118  •  10  ^W/m *  Hz.  The  diagram  of  the  flares  (Pig.  2a3)  shows  on  the  29th 
flares  on  the  eastern  side  {-  5d),  in  the  central  zone  ±  30°  and  or  the  western 
side  (+  5d)  from  30  Aug.  to  1  Sept,  follow  flares  in  the  central  zone. 

Pig.  2b  shows  an  example  for  the  development  of  a  positive  phase  instead  of  a 
world-wide  ionospheric  disturbance,  however,  with  a  local  drop  of  the  critical 
frequency  accompanied  by  earth-magnetic  activity  (25  to  28  September  1966.  on 
26/27  CMP  of  a  large  bright  plage  area,  bipolar  spot  group).  The  succession  of 
disturbances  by  positive  pnaees  can  frequently  be  observed  in  the  27-day  recurrence 
tendency.  Pig.  2b  1  shows  that  here,  too,  is  a  decrease  of  the  plage  density  on 
the  eastern  side  and  that  on  the  27th  a  very  bright  plage  area  Is  in  CM?  where 
the  decrease  of  the  ionospheric  propagation  quality  and  the  local  drop  in  the 
critical  frequency  begins.  As  can  be  seen  in  ?ig.  2b  2  in  this  area  exist  bipolar 
spot  groups  (  P  configuration)  in  the  Brunner  development  stages  C  and  A  with  a 
noise  source  of  44  *  10^°K.  Meter-wave  bursts  are  widely  distributed  over  the 
central  zone  and  the  western  aide.  The  flux  of  the  10  cm-radiation  of  Ottawa 
decreases  during  this  time  from  §  =  125  to  §  *  103.  Only  a  few  suhf lares  were 
observed. 

An  interesting  disturbance  period  began  after  a  positive  phase  on  13  March,  1966 
83  is  shown  by  Pig.  2c.  It  is  a  very  strong  disturbance  on  14  March  with  a  very 
strong  magnetic  activity.  The  15th  was  practically  normal  again.  The  sun  shows 
-  as  can  be  seen  in  Pig.  2c  1  -  only  a  few  plages  at  the  eastern  limb  (3+)  with 
increased  corona  emission  of  the  green  line  and  in  the  central  zone  (2+).  Pig. 

2c  2  shows  formation  of  spots  in  the  plage  area  on  the  western  side  with  high 
noise  radiation  intensity  (33  •  10*°K)  and  meter-wave  bursts,  also  in  CHP.  The 
10  cm  -  flux  from  Ottawa  increased  up  to  16  March  from  $  =  84  to  §  =  102.  In  Pig. 

2c  3  flares  can  he  seen  in  the  plage  .  ea  on  the  eastern  side  which  advance  to 
the  CM?  between  15  and' 19  March. 
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The  following  conclusions  csn  be  drawn  from  the  course  of  the  ionospherio 
propagation  quality: 

Positive  phases  mostly  announce  the  existence  of  active  regions  on  the  sun.  A 
decrease  of  the  propagation  quality  from  above-formal  values  may  indicate  appro¬ 
aching,  disturbances.  In  some  cases  the  decrease  remains  limited  to  the  range 
from  "above-normal"  to  about  "normal"  despite  magnetic  and  solar  activities 
whereas  local  drops  of  the  critical  frequency  foP2  (night  minimum)  can  be  observed 
(as  i.s  the  case  in  Pig.  2'o).  In  the  27-day  recurrence  the  drop  in  the  above-normal 
range  can  initiate  a  series  of  repeated  disturbances  while  regional  drops  of  foI2 
ca.i  in  the  following  solar  rotations  develop  into  world-wide  disturbances.  Posi¬ 
tive  phases  can  in  successive  rotations  bo  succeeded  by  disturbances  and  vice 
versa.  ~ 

These  purely  ionospheric  and  propagation- type  observations  can  be  evaluated  in 
forecasts  by  means  of  an  extrapolation  in  time,  which  can  also  be  effected  with 
the  aid  of  autocorrelation.  This  has  always  been  a  help  for  the  forecast  if  other 
information  on  solar-terrestrial  influences  does  not  lead  to  clear  results.  In 
this  paper  I  want  to  deal  with  the  solar  terrestrial  events  around  world-wide 
ionospheric  disturbances  and  positive  phases  [33  • 

Prom  the  quality  figures  of  the  ionospheric  propagation  (direction  USA),  which 
were  explained  with  the  aid  of  Pigs.  1  and  2,  key-days  (in  the  Pigures  designated 
as  zero-day  )  for  disturbances  and  positive  phases  were  formed,  and  then  -  accord¬ 
ing  to  the  method  of  the  superimposed  epochs  -  in  the  interval  of  +  8  daya  around 
this  zero-day  the  course  of  the  ionospheric  propagation  quality  in~comparison  with 
other  geophysical  and  solar  parameters  was  examined.  Pig.  3  shows  the  course  of 
the  propagation  quality  (G)  with  earth-magnetic  activity  (Ap)  for  collectives  of 
disturbances  from  the  years  1963  -  1965  and  positive  phases,  for  1963  -  1966.  The 
size  of  the  collectives*  is  in  Pig.  3  noted  after  the  years.  The  earth-magnetic 
activity,  which  is  plotted  in  the  opposite  direction  and  expressed  by  the  plane¬ 
tary  daily-value  Ap,  shows  in  rough  outline  a  similar  course  as  the  quality 
figure  of  the  ionospheric  propagation.  On  the  average  of  the  yearB  Apia 26  were 
obtained.  In  the  individual  case  the  behaviour  is  very  different.  Of  21  strong 
disturbances  of  the  collective  I  (G  =  3)  of  the  years  1963  -  1966,  6  had  an 
Ap<30,  8  an  Ap  between  30  and  50  and  7  an  Ap>50.  Of  the  58  moderate  disturbances 
of  the  collective  II  43  had  an  Ap<30  and  15  an  Ap>30.  An  Ap  *  50  was  exceeded 
only  in  one  case.  Of  1460  days  of  the  years  1963  to  1966  earth-magnetic  activities 
K  +*  =  5  occurred  on  101  days  without  having  any  connection  with  a  ionospheric 
propagation  disturbance. 

It  may  be  pointed  out  that  in  the  normal  and  above-normal  range  (6  =  6)  variations 
of  positive  phases  occur  between  the  3rd  to  the  5th  day  before  the  key-day  (posi¬ 
tive  phaseB  6th  to  7th  and  iBt  to  2nd  day).  They  are  also  expressed  by  a  slight 
increase  of  Ap  as  can  be  seen  even  more  distinctly  in  other  collectives  of  times 
of  higher  solar  activity  which  are  to  be  discussed  later  on.  In  Pigs.  8a  and  9, 
which  will  be  discussed  later,  the  same  variation  of  the  positive  phases  can  be 
recognized  in  3  different  collectives  from  the  years  1966/63  and  1967  so  that 
this  course  of  the  ionospheric  propagation  quality  is  shown  by  a  total  of  6 
collectives  frou  59  disturbances.  In  the  case  of  strong  positive  phases  in  the 
lower  part  of  3  the  very  steep  rise  of  the  quality  figure  before  the  key- 

day  is  connected  with  a  decrease  of  the  magnetic  activity  (Uagcalme  state  A^fi*4) 
whereas  two  dayB  after  the  key-day  at  decreasing  quality  figure  a  temporary 
magnetic  activity  is  observed.  The  decreasing  propagation  quality,  however, 
remains  after  the  key-day  always  in  the  above-normal  range  (G>-6).  As  described 
above  in  radio  traffic  no  world-wide  disturbance  is  observed  in  90J6  of  the  cases, 
but  local  drops  of  the  night-time  critical  frequencies  may  be  observed  on  ionos¬ 
pheric  stations  (see  Pig.  2). 

Let  us  no  ~  in  Pig.  4  consider  the  behaviour  of  the  local  drops  in  the  night-time 
critical  frequencies  around  the  key-day  of  the  world-wide  disturbances  according 
to  measurements  made  by  the  ionospheric  station  Lindau.  The  frequency  P  of  the 
drops  of  foKj^  is  on  the  key-day  100$,  before  and  after  "he  key-day  approx. 

20^  ^ dashed  curve),  i.e.  approx.  20$  of  the  2rops  occur  without  world-wide  dis¬ 
turbance.  The  solid  curve  of  the  ?2-critieai  frequency  (foP2  ,  )  gives  an  idea 
of  the  size  of  the  drops.  In  addition  to  a  pronounced  minimumon  the  key-day 
there  are  two  less  pronounced  minima  before  and  after  the  key-day.  T^e  minimum 
3  to  5  days  before  the  key-day  falls  in  the  time  of  the  minimum  of  the  above- 
mentioned  modulation  of  G  ir  the  range  of  the  positive  phases.  In  the  frequency 
P  it  is  not  pronounced,  i.e.  it  was  caused  only  by  few  disturbances.  In  the  case 
of  very  high  world-wide  positive  phases  we  observe  shortly  before  the  key-day  a 
minimum  of  the  frequency  of  drops  P  coinciding  with  the  Uagcalme  state  and  before 
and  after  the  key-day  we  see  two  distinct  maxima,  i.e.  nere,  too,  we  have  charac¬ 
teristic  differences  in  comparison  with  the  disturbance  collective.  The  first 
coincides  -  as  we  will  see  -  with  a  fl3re  activity,  the  second  with  the  magnetic 
activity  noticed  in  Pig.  3. 

I  collective  of  strong  disturbances,  II  moderate  disturbances, 

+,‘XH  =  characteristic  of  the  Observatory  Wingst 
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let  us  now  examine  the  course  of  the  solar  activixy  represented  by  the  solar 
radiation  on  2800  MHz  (}).  Fig.  5a  shows  that  the  disturbances  generally  do  not 
occur  in  the  maximum  of  J.  In  1963  and  1966  they  occur  at  decreasing,  in  1965  at 
increasing  intensity  of  J,  In  1964  no  characteristic  variation  oan  be  recognized 
since  the  curve  has  a  very  flat  horizontal  shape.  In  the  case  of  positive  phases, 

On  the  other  hand,  there  is  a  very  pronounced  maximum  of  the  noise  radiation 
shortly  before  the  key-day,  which  is  a  characteristic  difference  as  against 
the  disturbances. 

While  the  flux  of  the  solar  10  cm-radiation  in  1963  to  1965  in  Fig.  5a  on  the 
average  was  steadily  between  -8  and  +8  days  around  the  key-day,  there  is  already 
in  1966  an  indication  of  a  maximum  at  -4  to  -5  days  which  becomes  more  pronounced 
with  increasing  solar  activity  in  1967  as  is  shown  by  Fig.  5b.  Eemarkable  in 
comparison  to  the  -  also  drawn  in  -  mean  course  of  the  ionospheric  propagation 
quality  0  and  the  earth-magnetic  activity  Ap  is  the  fact  that  the  variation  in 
the  "above-normal"  range,  which  in  Fig.  3  and  also  in  Figs.  8a  and  9  occurs  at 
little  solar  activity  (sun  spot  minimum)  between  the  third  and  the  fifth  day,  in 
this  case  at  stronger  solar  activity  moves  closer  to  the  key-day  (-2  jays). 

Among  21  strong  ionospheric  propagation  disturbances  of  the  yeirs  1963  to  1966, 

7  showed  no  characteristics  of  increasing  activity  in  the  central  zone  (flares 
or  remarkable  development  of  spot  groups  with  attendant  phenomena).  Three  were 
Accompanied  by  flares  in  the  eastern  or  western  zones.  Among  the  112  strong  and 
moderate  disturbances,  which  altogether  occurred,  36  showed  no  activity  in  the 
central  zone.  Within  the  whole  collective  the  activity  showed  different  charac¬ 
teristics.  It  was  not  always  possible  to  assign  the  most  pronounced  activities 
to  strong  disturbances.  Some  of  them  appeared  so  weakly  that  an  assignment  as 
probable  cause  of  disturbance  was  not  possible  until  later.  In  order  to  obtain 
clearer  results  in  this  case,  the  integrated  activity  in  certain  zones  of  the  sun: 
namely  in  the  central  zone  (±  30°)  and  the  eastern  and  western  zones  situated 
-outside  of  it*  were  in  addition  to  the  asignment  of  discrete  centers  of  activity, 
which  all  are  as  effects  of  eddies  ir  the  sun  plasma  connected  with  one  another 
through  magnetic  fields,  included  in  the  consideration  of  the  disturbance. 

We  now  consider  in  Fig.  5c  as  measure  to-  the  solar  activity  the  mean  distribution 
of  the  chromospheric,  plage  brightness,  which  shows  a  certain  positive  correlation 
to  the  size  of  the  plages  around  disturbance  days  and  positive  phases  defined 
according  to  the  ionospheric  propagation  quality  S.  The  investigations  were  made 
separately  for  the  central  zone  (±  30°),  for  the  eastern  side  and  the  western  side. 
-’The  solid  curve  E  in  the  upper  part  of  the  Fig.  shows  the  relative  coarse  of  the 
summed  plage  brightness,  for  the  total  disk,  the  dashed  curve  B  shows  the  course 
of  the  plage  brightness  on  the  aastern  side  in  the  case  of  disturbances.  At  the 
beginning  of  the  disturbance  £  rises  steeply  from  small  values  (up  to  -  2  days) 
with  periodic  pulsations  with  a  duration  of  3  to  4  days.  At  -5  days  the  dashed 
E-curve  begins  already  to  rise  until  +  1  day.  The  following  two  pulsations  run 
parallel  with  the  sum  curve.  The  difference  between  the  sum  curve  E  ana  the 
E-curve  is  negative  before  the  disturbance.  This  means  that  after  the  disturbance  the 
brightness  increases  in  the  central  zone  and  on  the  western  side  whereas  the  eastern 
side  dominates  up  to  the  key-day  (advance  of  active  areas). 

In  the  case  of  the  positive  phase  the  variation  is  basically  different.  Except  the 
solid  curve,  which  hers  again  represents  the  overall  brightness,  the  sum  brightness 
in  the  central  zone  and  on  the  western  side,  which  shows  a  similar  variation,  is  in 
this  case  represented  by  a  dashed  curve.  The  two  curves  show  maxima  a:  about  -  5  and 
+  5  days  and  a  sharp  minimum  at  the  key-day.  As  can  be  seen  from  the  difference  of 
the  two  curves,  there  is  a  certain  increase  of  the  eastern-side  brightness  around 
the  key-day. 

We  now  examine  the  flare  activity  in  Fig.  6,  which  is  represented  by  the  number  of 
flares  with  an  importance  £  1+.  It  is  distinguished  between  the  flare  activity  in 
the  central  zone  +  50°  around  the  central  meridian  (FI  )  and  the  flare  activity  out¬ 
side  of  it  on  the“eastern  and  the  western  side  (F1E  ana  *!_)•  The  upper  curve  of  the 
hatched  areas  represents  the  total  number  of  flares  FI  =  Ft  +  FI  +11  ,  the  lower 
curve  the  sum  of  the  flares  in  the  central  zone  Fl^  and  on  the  western  side  ?1  .  The 

hatched  area  thus  is  a  measure  tor  the  number  of  flarss  on  the  eastern  side.  Ir  it 

is  zero,  all  flares  are  situated  in  the  central  zone  and  on  the  western  side.  With 
decreasing  width  of  the  hatched  area  the  flare  activity  ehifts  to  the  central  zone 
and  to  the  western  side.  In  1963  the  maximum  of  the  flare  frequency  is  around  the 
key-day  at  the  beginning  of  the  disturbance.  In  1964  this  maximum  has  declined,  but 
a  few  days  after  the  key-day  a  somewhat  larger  maximum  can  still  be  seen.  For  1965 
and  1966  the  maximum  is  one  day  before  and  one  day  after  the  key-day,  respectively. 

As  fax  as  it  can  be  recognized,  a  shift  of  the  flare-frequency  ■*■<>  tha  central  and  to 
the  western  zone  seems  to  be  partly  responsible  for  causing  tbe  disturbance.  The 
strongest  narrowing  of  the  hatched  area,  whica  expresses  this  fact,  is  in  1963  3  to 

5  days  before  the  key-day,  <964  1  day,  and  in  1966  2  and  5  days  before  and  at  the 

key-day  itself.  In  1965  during  the  time  of  2  days  before  the  key-day  to  1  day  after 
the  key-day  only  central-zone  and  western-zone  flares  in  large  numbers  occurred. 


In  the  collective  of  the  positive  phases  there  is  a  distinct  difference  w^t'h^ jr«8«riL 
to  the  flare  activity.  The  maximum  is  2  days  before  the  key-day,  the.  narrowing  of  . 
the  hatched  area  already  5  to  6  days  before  the  key-day,  i.e.  the  shift  of -ithe  »ctiW4 . 
ity  into  the  central  and  the  western  zone.  On  the  key-day  the.  flared aotiTity^^^Ju-^js 
second  minimum.  Three  days  later  it  increases  again,  also  in  the  central  anti-western; - 
zones,  somewhat  later  than  the  beginning  of  the  observed  moderate. earth-magnetic- 
activity.  ■  '  "  -  T- 


What  part  plays  the  occurrence  of  flares  in  the  case  of  disturbances?  In  the  years 
1963  to  1966  21  strong  and  91  moderate  disturbances  were  evaluated.  Among  the . 
strong  ones  43#  were  without  flares,  among  the  moderate  73#.  In  a  period  of >+8Mays;  . 
around  112  disturbances  from  the  years  1963  to  1966  63  flares  -  1+  occurred  in  the->. 

central  zone,  65  rn  the  eastern  side  and  126  on  the  western  side.  In  the  case  pf  ^O  -  -  . 
strong  positive  phases  in  the  same  period  47  flares  £  occurred  in  the  central  zone 
and  25  in  each  case  on  the  eastern  and  on  the  western  side.-  The  large  increased?  the 
flares  on  the  western  side  compered  to  the  eastern  side  and  the  central  zone  is 
characteristic  for  disturbances,  the  symmetry  in  this  regard  for  positive  phases. 

Pig.  7a  shows  the  modulation  cf  the  daily  means  of  the  cosmic-ray  intensity  (neutron 
component ,  mean  value  of  me  .surements  made  in  l.indau+  and  Kiel+^  ae  compared  to  world 
wide  and  local  ionospheric  disturbances  for  the  years  1963  -  1965.  In  the  disturbtnce 
collective  after  the  key-day  the  Porbush  effect  can  be  seen  for  all  years,  and  for 
1963  and  1965  a  weaker  pre-modulation  2-5  days  before  the  ksy-day  X4J  »  In  1964 
this  is  only  indicated  aB  a  point  of  inflection  in  the  curve.  With  the  start  of  the 
Porbush  effect  the  world-wide  ionospheric  disturbance  runs  parallel.  The  local  drops 
of  foP2  .  haying  occurred  before  and  after  the  key-day  are  less  frequent  in  1964 
than  in  19°5,  i-e.  they  increase  with  increasing  solar  activ r  ’■y.  This  is  also  the 
case  in  the  pre-mouuiation  of  the  cosmic  rays.  Pig.  7b  shows  the  basically  different 
behaviour  of  the  cosmic  rays  in  •  he  care  of  world-wide  positive  phase  in  comparison 
to  the  variations  of  the  frequency  of  local  drops  in  the  critical  frequencies,  which 
was  already  described  in  Pig.  4  and  is  once  more  entered  in  this  Pig.  There  are  two 
maxima  for  both  curves,  at  5  to  6  days  before  the  key-day  and  at  2  to  4  days  after 
the  key-day,  the  latter  e.t  the  geomagnetic  activity  which  can  be  seen  in  Pig.  3. 

The  modulation  of  the  cosmic  rays  increases  with  growing  solar  activity  as  can  be 
Suen-7in  Plg*  80  by  mear,a  ot  a  disturbance  collective  (C  =  3)  from  the  year  1966. 

The  7  strongest  disturbances  are  here  not  represented  by  the  curve  of  the  daily 
means,  but  by  their  day-to-day  difference  quotient  enlarged  by  tue  respective  am¬ 
plitude  of  the  diurnal  variation,  d)  are  summed  values  of  the  neuiron  component  of 
Kiel  and  lindau,  b)  are  summed  values  of  ionization  chambers  and  scintillators  on 
the  Predigtstuhl  "t+The  solid  curve  in  c)  is  the  ionospheric  propagation  quality  S 
according  to  which  the  key-day  is  defined.  It  ca”  be  recognized  that  its  course 
with  respect  to  t.ie  positive  phases  at  6  -  7  days  »:  well  as  1  day  before  the  key- 
day  with  the  intermediate  decrease  at  3  -  5  days  in  the  above-normal  range  (G»  6; 
is  very  similar  to  that  in  the  uinimum  years  of  the  solar  activity  in  Pig.  3.  The 
dashed  curve  is  the  earth-magnecic  activity  Ap,  which  shows  an  increase  even  at  4 
days  before  the  key-day.  The  shape  of  the  curve  under  a)  represents  the  variation 
of  e  receiving  field  strength  at  nocr  on  2.6  MHz  (distance  approx.  400  km),  which 
can  he  considered  as  a  measure  of  the  absorption.  It  shows  that  the  absorption  in¬ 
creases  shortly  before  and  particularly  after  the  beginning  of  the  disturbance  with 
characteristic  variations,  an  effect,  which  was  already  earlier  proved  statistically. 
The  cosmic  rays  show  -  with  the  exception  of  the  Porbush  effect  on  the  key-day  in  the 
neutron  component  -  like  in  the  preceding  Pig.  7a  the  mentioned  pre-effect  more  pro¬ 
nounced  at  -  4  days,  ir.  the  ionizing  component  at  -  6  days.  Both  drops  can  be  seen  in 
both  cases,  toe  weaker  oneB  are  indicated  by  the  decreasing  steepness  of  the  rising 
curve  and  by  a  beginning  slight  decrease,  respectively.  At  -4  to  -5  days  the  magnetic 
activity  occurs.  This  is  obviously  a  consequence  of  the  positive  phase  on  the  ~6tb 
and  -7th  day.  The  decrease  cf  the  ionospheric  preparation  quality  between  -5  and  -3 
days  connected  wi'h  it  here,  too,  occurs  only  in  the  above-normal  range,  i.e.  no 
radio  disturbance  was  observed. 


The  mean  variati  m  of  the  receiving  field  strength  at  noon  ?  on  2.6  MHz  (change  of 
absorption  in  the  case  of  disturbances)  which  in  Pig.  8a  (curve  a)  is  represented 
by  superimposed  epochs  of  7  strong  disturbances  from  the  year  1966,  is  in  Pig.  6b 
for  larger  collooti-ses  of  a  maximum  of  59  disturbances  in  the  years  from  1959  to  1 961 
statistical?^  proved  in  i"*c  scale, ®li  which  is  proportional  to  5.  The  solid  curve 
shows  the  variation  for  a.  1  measuremer1^  values  with  interpolation  in  the 

case  of  missing  values,  the  darhed  only  for  complete  periods.  N  gives  the  distribut¬ 
ion  of  the  number  of  disturbance  beginnings  in  the  two  collectives.  Both  curves  run 
almost  parallel. 
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The  decrease  of  the  absorption  in  the  time  of  2  -  4  days  before  the  key-day  and  the 
increase  after  the  key-day  is  small  on  the  average,  but  car  appear  more  distinctly 
in  individual  cases. 

The  following  Pig.  9  once  more  shows  the  pre-effect  of  the  modulation  of  the  cosmic 
rays  in  two  disturbance  collectives  of  different  times  from  the  years  1962  and  1 963 - 
a)  shows  the  ionospheric  propagation  quality  (G),  which  defines  the  key-day,  together 
with  the  earth-magnetic  activity  Ap.  b)  shows  the  modulation  of  the  neutron  component 
in  lindau  and  on  the  Zugspitse  in  collective  I  and  in  Lindau  and  on  the  Hafeiekar 
in  collective  II.  e)  shows  the  course  of  the  corresponding  amplitudes  of  the  diurnal 
variation.  In  this  case,  too,  it  is  possible  to  recognize  in  all  curves  the  pronoun¬ 
ced  pre-effect  of  the  cosmic  rays  and  of  the  ionospheric  propagation  quality  at 
3-4  days  before  the  beginning  of  the  disturbance  caused  by  the  decrease  of  the  daily 
means  and  the  increase  of  the  amplitude  of  the  diurnal  variation. 

These  modulation  effects  and  anisotropies  which  distort  the  diurnal  variation  seem 
to  be  connected  with  the  -  in  Pig.  6  described  -  shift  of  the  flare  activity  from 
the  eastern  side  to  the  central  zone  and  to  western  side.  Scatistics  on  the  flare 
activity  from  the  rotations  1815  -  1823  (1966)  indicated  that  a  shift  of  the  flare 
activity  from  the  eastern  side  to  the  central  zone  and  to  the  western  side  reduces 
the  upward  tendency  of  the  daily  means  of  the  cosmic  rays.  This  is  Bhown  in  Pig.  10 
for  various  measuring  3ets  (U-values  for  73  days  with  flares). 

The  D-values  defined  in  Pig.  8a  mainly  describe  the  change  in  the  steepness  of  the 
variation  of  the  daily  means  and  of  the  distortion,  occuring  in  the  diurnal  variat¬ 
ion.  Prom  this  it  can  be  seen  that  on  the  average  in  the  esse  of  eastern-zone  flares 
there  is  a  relatively  steep  rise  for  the  4  measuring  sets  (Mes,  5,  I  K  3,  Sc)  in  the 

positive  range;  this  rise  levels  off  strongly  in  the  case  of  central-zone  flares  and 

changes  into  a  downward  tendency  in  the  case  of  western-zone  flares.  In  the  ionizat¬ 
ion  chamber  I  K  5,  which  is  only  partly  shielded,  the  downward  tendency  starts 
already  in  the  case  of  eastem_zone  flares.  Only  s  part  of  the  73  flares  processed 
in  these  statistics  caused  disturbances. 

Pig.  11  shows  for  1966  the  course  of  solar  radio  events  and  of  the  occurrence  of 
proton  flares  and  of  PCA's  in  tee  disturbance  collective  connected  with  them. 

The  drift-type  IT,  the  continuum,  has  a  maximum  of  the  frequency  one  day  before  the 
disturbance  and  a  smaller  maximum  5  days  before  the  disturbance.  Bursts  in  the  meter- 
wave  range  indicate  a  rise  of  the  frequency  before  and  during  the  disturbance.  Pro¬ 
ton-flares  and  PCA's,  respectively,  have  a  frequency  peak  at  the  beginning  of  the 
disturbance  and  a  secord  smeller  one  5  days  before  it.  Ir.  the  case  of  one  positive 

phase  the  larger  peak  in  type  IV  disappears  before  the  key-day.  The  maxima  at  -5 

and.  +2  days  increase.  The  burst  activity  behaves  in  a  corresponding  manner.  There 
are  no  data  on  proton-flares  in  this  collective,  which  goes  back  to  1963. 


In  the  following  ?igi  12  there  is  in  addition  the  re.  ult  obtained  by  H.  Wegener 
(head  of  the  measuring  staticn  Predlgtstuhl)  from  superimposed  epochs  of  30  solar 
rotations  (1811  -  1840,  27/11/65  to  14/2/1968)  for  neutrons  (top  left),  scintill¬ 
ation  (bottom  left)  and  mesons  (top  right)  in  comparison  to  the  ionospheric  pro¬ 
pagation  quality  G  (boitom  right,  solid  curve)  and  earth  magnetic  activity  A^ 

(dashed  vurve,  Observatory  Wingst).  There  seems  to  be  a  stable  basic  component 
of  the  mean  variation  (drop  some  days  after  beginning,  rise  arourd  end  of  rotation) 
due  to  a  stable  configuration  of  solar-intarplaretary  magnetic  fi  Ids  in  sector 
structure  which  is  superimposed  by  further  activity  events  as  is  indicated  by  corre¬ 
sponding  comparisons  with  G  and  Ak.  The  depression  of  the  cosmic  rays  ( ~l£)  in  the 
middle  part  of  the  solar  rotation *is  reflected  by  the  deterioration  of  the  mean 
ionospheric  propagation  quality  in  about  the  same  part  of  the  rotetion.  The  geo¬ 
magnetic  activity,  however,  showB  the  average  connection  with  the  course  of  the 
disturbance  Individually  around  the  5th,  9tb»  16th  and  25rd  day  of  the  rotation. 

A  decrease  of  the  disturbance  intensity  can  be  recognized  in  A^  as  well  as  in  G 
(Bk).  A  particularly  pronounced  variation  in  comparison  to  the  magnetic  activity 
is  shown  by  the  meson  component. 

Pig.  13  shows  the  relative  course  of  the  earth-magnetic  activity  in  the  following 
sub-collectives:  rot.  1811  -  1820  (27/11/65  -  23/8/66),  rot.  1821  -  1830  (24/8/66  - 
20/5/37),  rot.  1831  -  1840  (21/5/67  -  14/2/68).  It  dan  be  recognized  how  after  the 
sun  spot  minimum  in  1964/65  with  growing  solar  activity  the  above-described  stable 
configuration  of  the  disturbances  becomes  increasingly  pronounced  with  the  charac¬ 
teristic  decrease  of  the  A.  maxima  (downward  directed  scale)  in  the  course  of  the 
rotation.  In  the  corresponding  sub-collectives  of  the  ionospheric  propagation  qualify 
and  the  cosmic  rays  there  is  a  parallelism  with  respect  to  modulation  depth  and 
relative  amplitude  of  the  "fundamental  wave"  in  the  course  of  the  rotation.  In  the 
sector  structure  of  the  interplanetary  magnetic  fields  (Wilcox  and  Ness  [5]  ). 
which  was  measured  by  the  IMP  in  1963,  the  smallest  sector  with  about  4  days  (the 
other  3  sectors  had  approx.  8  days)  was  at  the  beginning  of  the  rotation.  In  Pigs. 

11  and  12  there  are  also  4  "sectors"  -  resulting  from  the  esrth-magnetic  activity  - 
with  4,  7,  7,  9  daya,  i.e.  the  smallest  sector  is  here,  too,  at  the  beginning  of  the 
rotation.  The  distance  of  the  described  characteristic  pre-moduxations  of  the  positi¬ 
ve  phases  and  the  cosmic  rays  before  the  day  of  the  disturbance  (Pige.  3,  7,  8a,  9) 
was  at  6  -  8  and  3-5  days,  respectively.  Since  th?  most  disturbances  are  caused  by 
activity  centres  of  the  central  zone,  these  centres  appear  aporox.  7  days  before  at 
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the  eastern  limb  of  the  sun.  The  connections,  which  here  most  probably  exist  with 
the  sector  struct  n*e,  still  call  for  further  investigations.  In  any  case  it  is 
certain  that  during  the  formation  of  positive  phases  not  only  increased  UV-rad- 
iation  of  active  centres  on  the  sun  are  involved,  but  that  in  many  cases  also  cor¬ 
puscular  emission  is  observed  (gig.  6)  El  . 

As  a  summary  the  following  results  can  be  derived  from  the  superimposed  epochs  fcr 
the  average  behaviour  of  the  respective  parameters  with  respect  to  the  ionospheric 
propagat J on  quality: 

1)  The  frequency  of  local  drops  of  the  night-time  critical  frequency  of  the  P-layer 
in  mid- latitudes  outside  times  of  world  radio  disturbances  (10056;  reaches  up  to 
20 %  and  varies  with  the  geomagnetic  activity. 

2}  Positive  phases  (abnormally  wide  transmission  frequency  range  at  high  field 
strengths;  may  be  followed  by  a  decrease  in  the  above-normal  range  which  can  be 
accompanied  by  moderate  geomagnetic  activity,  moderately  increasing  solar  activ¬ 
ity  (flares,  solar  radio  events  etc.),  local  drops  of  the  critical  frequency  and 
modulations  of  the  cosmic  rays  as  was  found  out  in  6  different  disturbance  collec¬ 
tives  with  a  total  of  59  disturbances. 

3)  If  the  flux  of  the  solar  10  cm-radiation  changes  by  either  rising  or  declining 
steadily  while  there  is  a  strong  increase  in  the  solar  activity,  a  world-wide 
radio  disturbance  can  bs  expected  to  follow  after  3  or  4  days.  If,  however,  the 
10  cm  -  radiation  and  flare  activity  which  increase  during  the  formation  of  the 
positive  phase  will  also  show  a  downward  tendency  when  the  positive  phase  begins 
to  decline  (pre-modulation),  then  the  probability  is  greater  that  there  will  be 
no  world-wide  radio  disturbance.  During  the  subsequent  magnetic  activity  the 
cosmic  ray  intensity  will  increase. 

4)  The  upward  tendency  of  the  cosmic  ray  intensity  occurring  due  to  eruptive  centres 
on  the  eastern  side  of  the  sun  will  be  weakened  or  will  turn  into  a  downward  ten¬ 
dency,  respectively,  if  these  centres  are  situated  in  the  central  zone  or  on  the 
western  side. 

5)  During  the  disturbance  an  increase  of  the  ionospheric  absorption  is  on  the  avera¬ 
ge  also  found  to  occur  after  a  preceding  decrease. 

6)  Superimposed  epochs  from  30  solar  rotations  of  the  ionospheric  propagation  quali¬ 
ty,  the  geomagnetic  activity  and  the  cosmic  ray  intensity  indicate  a  relatively 
rigid  course  which  was  probably  attributed  to  the  interplanetary  magnetic  field 
of  the  sun.  The  above-mentionedoomponents  run  almost  parallel  with  one  another 
and  were  particularly  pronounced  around  the  9th,  16th  and  the  23rd  day  of  the 
rotation.  The  maximum  intensity  of  the  disturbances  occurred  around  the  9th  day 
with  the  following  peaks  decreasing. 

The  method  of  the  superimposed  epochs  shows  the  average  behaviour  of  the  considered 
parameters.  These  are  in  individual  cases  pronounced  in  a  different  way.  It  was 
soon  found  out  that  the  effectiveness  of  individual  indicators,  which  were  derived 
from  frequency  statistics,  and  of  the  rules  deduce!!  from  them  vary  with  the  time, 
e.g.  in  the  course  of  the  sun  spot  cycle.  This  is  not  surprising  since  always  only 
single  events  are  examined,  but  they  influence  one  another  and  the  combined  effect 
of  all  factors  has  not  yet  been  clarified  sufficiently.  ?or  these  reasons  it  is 
-  similar  as  in  meteorology  -  necessary  to  have  critical  "selection  frequency  statis¬ 
tics",  i.e.  different  rules  must  be  according  to  their  starting  position  checked  wiki 
respect  to  their  simultaneous  concurrence  and  be  included  in  *  be  assessment  of  the 
situation.  Por  each  forecast  it  is  therefore  necessary  to  consider  the  overall 
situation  in  detail.  The  synopsis  comprises  all  important  indicators  including  the 
27-day  recurrence  tendency  with  its  characteristic  behaviour  in  the  alternate  play 
between  positive  phases  and  disturbances.  An  important  principle  in  this  connection 
is  the  sentence:  "Similar  situations  produce  similar  effects",  as  long  as  events 
cannot  be  described  by  »ore  accurate  physical  laws.  The  following  is  an  example 
for  this  kind  of  synoptical  approach  in  combination  with  the  results  of  this 
paper: 

1)  If,  after  a  maximum  of  the  plage  activity  in  the  ce.itral  zone  and  on  the  western 
side  which  is  connected  with  a  maximum  of  the  cosmic  ray  intensity,  at  local 
drops  of  the  critical  frequency  with  moderate  magnetir  activity,  rising  solar 

10  cm-radiation  and  ionospheric  propagation  quality,  there  is  a  beginning  dec¬ 
line  ^ '?  -he  cosmic  ray  intensity  and  the  plage  activity,  perhaps  parallel  with 
temporary  slightly  increasing  flare  and  burst  activity,  a  strong  positive  phase 
with  very  low  earth-magnetic  activity  and  strongly  decreasing  plage  activity  in 
the  central  zone  and  on  the  western  side  can  be  expected.  If  plage  activity  and 
cosmic  ray  intensity  increase  again,  a  variation  (decrease  with  slight  renewed 
increase)  of  the  ionospheric  propagation  quality  in  the  above-normal  range  with 
moderate  magnetic  activity  and  little  flare  a^d  burst  activity  (no  disturbance  of 
the  worli-wide  ionospheric  propagation,  only  local  drops  of  the  critical  frequen¬ 
cy)  follows  2  to  3  days  after  the  maximum  of  the  positive  phase. 

2)  If  after  a  positive  phase  of  the  ionospheric  propagation  quality  a*  little  plage 
activity  of  the  total  disk  the  plage  activity  on  the  eastern  side  increases  and 
the  cosmic  ray  intensity  at  moderate  magnetic  activity,  perhaps  accompanied  by 


w?via 


iso  -  e 


slight  flare  and  burst  activity,  shows  a  modulation  (temporary  drop  of  the  daily 
mear  value  with  disturbed  diurnal  variation  at  enlarged  amplitude)  parallel  with 
a  variation  of  the  ionospheric  propagation  quality  in  the  above-normal  range,  3  or 
4  days  later  after  a  stronger  increase  in  the  plage,  flare  and  burst  activitiee 
(possibly  type  IV)  and  a  10  cm-radiation,  which  may  steadily  vary  either  by  rising 
or  by  declining,  a  world-wide  radio  disturbance  occurs  whose  data  can  at  short 
notice  still  be  defined  more  exactly  by  means  of  the  beginning  magnetic  storm  and 
the  Forbush  effect  of  the  cosmic  rays  as  well  as  by  the  renewed  beginning  of  the 
anisotropy  effects  in  the  diurnal  variation  of  the  cosmic  raya. 

In  this  case  a  synoptical  consideration  of  all  available  parameters  provides  the 
best  result.  In  view  of  the  numerous  aspects  of  the  observations  and  all  facts  in 
connection  with  them  it  is  desired  for  facilitate  and  to  improve  the  evaluation  of 
current  solar-terrestrial  influences  by  using  elect  -onic-  data  processing  systems. 
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Observations  of  transmission  frequency  range  USA  I  (Rev/  York, 
Chatham,  June  1967)  and  prediction. 

Thickness  ofdots  (4  steps)  between  approx.  -10  to  +10  dB  is  a 
measure  for  the  field  strength.  Solid  and  dashed  curves:  field 
strength  according  to  FTZ  prediction,  dotted  curve:  predicted 
standard  UUP. 
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Radio  disturbance  at  solar  activity 

date  and  number  of  day  in  the  solar  rotation 

auroral  observations  in  Enkoping  (Sweden ) -earth-magnetic  index 

of  Wingst  (Hamburg)  and  Sodankyla  (Finland,  dashed),  A  SSC  rio- 

meter  type. 

observations  of  bursts  and  storms  of  the  solar  radio  noise  in 
frequency  groups  1  -  7  ("*50  MHz  up  to  10  000  MHz,  buret  and 
drift  types) 

flares  of  the  importance  1-4  represented  by  length  of  arrows 
(subflares  without  arrow-head). 

X-ray  radiation  according  to  satellite  measurements  (A-range 
and  intensity) 
pfp  proton-flare 

SIDs  (Sudden  Ionospheric  Disturbances), 
!1Ubgel-Dellinger-effecteH“( short-wave  fade  out) 
importance  =  length  of  arrows  pointing  in  downward  direction 
critical  frequency  of  f2~layer  (solid  curve)  and  Es-layer 
(dashed)  of  station  Lindau, 
x  =  foP2  values  of  station  Kirur.a  (Sweden) 

observations  of  the  transmission  frequency  range  by  the  radio 
propagation  monitoring  station  in  the  overseas  radio  receiv¬ 
ing  station  in  liichow  for  the  directions  USA  (EaBt  Coast), 

South  America  and  East  Asia  in  1  1/2  hour-intervals 

a)  MOP  and  10 P 

b)  mean  field  strengths  of  the  observed  transmission  frequency 

range  expressed  ir.  S-values  according  to  dashed  area:  "whit? 
1.0  to  2.4,  12.5  to  3.4.  ||3.5  to  4.*,  i||4.5  to  5.4 

■  5.5  to  9.0 

c)  BK  =  hand  cnaracterlatic  figure  (solid  curve),  scale:  C-150 

d)  G  =  quality  figure,  scale  2.0  to  9-0 

at  12.00  GMT:  mean  value  for  daytime  period 

. »  at  00.00  GMT:  mean  value  for  night-time  period 

- 1. at  12.00  GMT:  mean  value  for  the  whole  day 

diurnal  variation  in  field  strength  of  the  coastal  station 
Horddeich,  2.6  MHz,  measured  in  Darmstadt  (solid  curve)  and  in 
Lirdau  (stepped  curve).  Scale  in  dB.  x,  o  =  absorption  values 
in  Brfeisach  (scales  C  and  B)  measured  by  means  of  vertical 
sounding. 

Behaviour  of  chromospheric  plages  ba&' i  on  obsex’vations  of  the 
Observatory  McMath  (daily  shift  of  soiar  naps  by  13°  correspon¬ 
ding  to  the  solan  rotation)  for  the  period  from  29  August  to 
i  September.  19»i€  aocox’ding  to  Fig.  2a; 
figures  at  circles  =  brightness 

Behaviour  of  spot  component  and  radio  emissions  of  the  sun  for 
the  period  according  to  Pig.  2u  on  the basis  cf  observations 
made  by  various  observatories  (letters  with  figures:  Brunner 
scale  and  number  of  single  ODOts,  respectively  curves  =  re¬ 
sults  from  strip  localization  of  burst  sources  in  the  meter- 
wave  range;  in  the  table:  radio  noise  results  from  measure¬ 
ments  of  the  cm-vave  variation; 

2__  =  total  flax;  104  °X  intercity  of  discrete  point  sources. 
m2Ez 

SI  »  station';  P  =  Paris,  H  =  5E2A,  S  =  Stanford,  Sy  =  Sydney, 

B  =  Berlin,  C  =  Ottawa). 

Observations  of  flares  made  by  various  observatories  during 
the  period  according  to  Pig.  2a. 

Positive  phase  at  solar  and  earth-magnetic  activity  and 
locally  disturbed  ionosphere  (drop  of  the  night  minimum  of 
foP2). 

1-haviour  of  chromospheric  plages  based  on  observations  by 
the  Observatory  McKath  for  the  period  from  25  to  28  September, 


Pig.  2b 1 


£ 


*i*.  2b2 
Pig.  2c 
Pig.  ?c 1 
Pig.  2c2 


1966  according  to  Pig.  2b. 

Behaviour  of  spot  component  and  radio  emissions  of  the  sun 
in  the  period  according  to  Pig.  2b. 

Radio  disturbance  at  solar  activity  at  the  eastern  limb 
during  the  time  from  13  to  16  March,  1966. 

Behaviour  of  chromospheric  plages  during  the  period  from  13 
to  16  March,  1966  according  to  Pig.  2c. 

Behaviour  of  spot  component  and  radio  emissions  during  the 
period  according  to  Pig.  2c. 


Pig.  2c3 
Pig.  3 

Pig.  4 

Pig.  5a 

Pig.  5b 

Pig.  5c 

Pig-  6 

Pig.  7a,  b 

Pig.  8a 


Pig.  8b 


Observations  of  flares  made  by  various  observatories  during 
the  period  according  to  Pig.  2c. 

Mean  variation  of  the  ionospheric  propagation  quality  I?  and 
of  the  corresponding  earth-magnetic  activity  Ip  for  +  8  days 
around  disturbances  (key-day  0,  collective  I  strong  efistur- 
bances,  collective  II  moderate  disturbances)  and  around 
positive  phases  from  different  years  (1963  -  1966). 

Mean  frequency  (P)  and  values  (foP2)  of  local  drops  of  the 
night-time  critical  frequency  at  disturbances  and  positive 
phases  according  to  the  collectives  and  key-days  of  ?ig.  3. 

Mean  variation  of  the  10-cm  flux  f  at  disturbances  and 
positive  phases  according  to  the  collectives  and  key-days  of 
Pig.  3. 

top:  mean  ionospheric  propagation  quality  £  for  the  disturban¬ 
ce  collectives  I  (strong  disturbances)  and  II  (moderate  dis¬ 
turbances)  for  1967, 

bottom:  coi‘responding  variation  of  earth-magnetic  activity  Ap 
in  comparison  to  the  mean  variation  of  the  10-cm  radiation 
for  the  collectives  I  +  II  ($,  middle  part  of  Pig.  ) 

Mean  variation  of  the  chromospheric  plage  brightness  around 
disturbances  and  positive  phases  defined  according  to  the 
ionospheric  propagation  quality,  for  the  total  disk  2  and 
for  the  eastern  side  E  (central  zone  +  30°). 

Mean  variation  of  the  flare  activity  (importance  ?=  1+)  at 
disturbances  and  poeitive  phases  according  to  the  collectives 
and  key-days  of  Pig.  3.  The  frequency  of  the  flares  is 
distinguished  for  the  central  zone  (+  30°  around  CMP)  PI  , 
western  zone  FI  and  eastern  zone  FlZ.  T^e  upper  curve  oi  tne 
hatched  area  shows  the  sum  of  all  flares  PI,  the  lower  (?1 
+  Fig).  The  width  of  the  hatched  area  corresponds  to  Pig* 

Mean  variation  of  the  neutron  component  of  the  cosmic  rays 
(mean  values  from  Lindau  and  Kiel)  as  compared  to  the  frequen¬ 
cy  P  of  local  drops  of  the  night-time  critical  frequency  of 
the  P-layer  (station  lindau)  according  to  the  collectives  and 
key-days  of  Pig.  3. 

Diurnal  variation  of  the  cosmic  ray  intensity  represented  by 
D  =  sign  (T-Ty)  (  I  M  l  +  S)  (T  =  daily  mean  of  the  current 
day, Ty  =  daily  mean  value  of  the  preceding  day,  !$  =  day  ampli¬ 
tude  =  difference  between  second  highest  and  second  lowest 
2-bcur  value)  for  the  disturbance  collective  I  of  the  year 
1966.  R  =  number  of  disturbance  beginnings 

a)  variation  in  ionospheric  absorption,  reprerented  by 
summed  noon  field  strength  of  the  coastal  station  Rord- 
deich  (DAK)  on  2.6  MHz  at  a  distance  of  420  km  (Darmstadt, 
FTZ) 

b)  variation  of  the  summed  values  of  the  ionizing  component 

S??r  of  the  measuring  station  Predigtstuhl  of  the  FTZ 
(ionization  chamber  and  scintillator) 

c)  variation  of  the  ionospheric  propagation  quality  S  (solid 
curve)  and  of  the  earth-magnetic  activity  Ap  (dashed  curse) 

d)  variation  of  the  summed  values  of  the  neutron  component  in 
Kiel  and  Lindau  £ 

Mean  variation  of  ionospheric  absorption  for  +  5  days  around 
the  key-day  0  (beginning  of  disturbance),  derivedfrom  super¬ 
imposed  epochs  of  disturbances  from  the  years  1958  -  1961. 
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Fig.  9 


Pig.  10 


Pig.  11 

Pig.  12 


-JSL  »  relative  noon  field  stret.gth  of  the  coastal  station 
4  •  5  -  .  _ 

Norddeioh  (DAN)  on  2.o  ME z  measured  at  a  distance  of  420  km 
(FSZ,  Darmstadt). 

Key-days  defined  according  to  the  ionospheric  propagation  qua¬ 
lity  G  in  the  direction  North  America  (uSA) 

N  number  of  disturbance  beginnings  in  both  lectiree  (total 
of  54  disturbances) 

Mean  variation  of  the  modulation  of  the  cosmic  rays  caused  by 
solar  influences  for  ±.  5  days  around  the  he;1  .day  for  the  dis¬ 
turbance  collectives  I  (21  Jun'.,  1961  -  24  July,  1962)  an  II 
(6  April,  1962  -  5  April,  1963)  each  of  them  containing  11 
strong  disturbances  of  the  ionospheric  propagation. 

a)  mean  variation  of  the  ionoapheric  propagation  quality  G 
and  of  the  earth-magnetic  activity  Ap 

b)  mean  variation  of  the  daily  mean  values  of  the  neutron 
component  in  Lindau  (Horn) 

(lij  and  Li^j)  and  on  the  2u£spitze  (Zu.)s  and  the  ionizing 

component  on  che  Hafelekar  (Ha-...).  1 

c)  S  =  mean  amplitude  of  the  diurnal  variations  of  the  neutron  j 

component  (see  definition  in  Pig.  8a).  j 

Concerning  the  modulation  of  tne  cosmic  rays  ceased  by  30lar  \ 

activity  centres  (flare  areas)  in  ;he  central  zone,  eastern 

and  western  side;  (definition  of  U  see  Ppg.  8a)  ! 

N  =  neutron  component  in  lindau  (Harz)  (IQSY  monitor)  (tele-  j 

scope  s  0.2!)  m  i  11  cm  ?b)  ( 

lies  =  meson  component  in  Kranzbach  near  Klaia  (1020  m  above  \ 

sea  level)  j 

ionization  chamber  25  1  (from  all  sides  shielded  with  5  cm  ; 

Fb)  | 

ionization  chamber  50  1  (only  shielded  at  sides  and  bottom)  j 

2  Na<J  scintillators  (0  5  inches,  spectral  range  >2.5  MeV)  4 

I  K  3,  I  K  5,  Sc  Predigtstuhl,  (1614  m  above  sea  level)  ■ 

Frequency  of  occurrence  of  radio-noise  events  (Ha  and  prctcr- 
flares  (PFI  and  PCA,  respectively)  at  44  radio  disturbances 
in  the  year  1966. 

Mean  variation  of  30  solar  rotation  (1965  -  1968)  of  the  cos¬ 
mic  ray  intensity  (too  left:  neutron  component,  lindau, 
bottom  left»  ionizing  component  Predigtstuhl,  top  right: 
meson  component  Kranzoach)  in  comparison  to  the  eartn-magne- 
tic  activity  (A~  Wingst,  bottom  right,  dsshed  curve)  and  the 
ionospheric  propagation  quality  (G  =  6-BK  ,  bottom  right: 
solid  curve)  for  the  direction  North  America  (USA). 

Mean  earth-magnetic  variation  (ak)  for  the  given  solar  rotat¬ 
ions  (subcollectives  of  Pig.  12,*reiative  scale,  length  of 
left  arrow  =  3.5  Ag). 
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FIGURE  3 


USAP  Solar  Forecast  Facility  Ionospheric  Services 
T.  D.  Damon* 


Summary 

Ionospheric  services  provided  by  the  USAF  Solar  Forecast  Center  include 
rapid  alerting  of  the  onset  of  sudden  ionospheric  disturbances,  and  daily 
predictions  of  MU?  and  LUF  for  specific  paths.  Modern  military  communications 
systems  allow  rapid  alerting  of  the  onset  of  ionospheric  disturbances,  such 
as  SWF,  before  the  end  of  the  disturbance,  thus  providing  operationally  useful 
information  to  the  communicators.  MUF  and  LUF  forecasts  are  daily  modifications 
of  climatological  predictions. 

A  group  at  Detachment  7,  4th  Weather  Wing,  develops  and  improves  forecasting 
techniques  in  response  to  military  requirements.  Efforts  are  being  made  to 
obtain  more  -real-time  VI  sounder  observations  for  use  in  day-to-day  forecasting. 


rMajor,  USAF,  Technical  Development  Officer,  Detachment  7,  *tth  Weather  Wing, 
Ent  Air  Force  Base,  Colorado  80912. 
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Ionospheric  services  of  the  USAF  Solar  Forecast  Facility  fall  into  two  cate¬ 
gories:  (1)  rapid  alerting  of  the  onset  of  an  ionospheric  disturbance,  and  (2) 
prediction  of  MUF  and  LUF  for  specific  paths. 

Rapid  Alerting:  The  real-time  reporting  capability  of  the  solar  observing 
network  and  communications  network  now  enables  us  to  warn  communicators  of  the 
onset  of  a  short  wave  fade  (SWF)  within  minutes.  In  most  cases  of  major  SWF,  the 
solar  flare  responsible  for  the  fadeout  is  seen  visually  in  H  «  a  few  minutes 
before  the  ionosphere  responds.  Thus  we  are  often  able  to  advise  the  communicator 
of  such  a  disturbance  before  his  circuits  actually  begin  to  fade  significantly. 

From  optical  observations  alone  it  is  not  possible  to  tell  conclusively 
whether  a  given  solar  flare  will  produce  a  SWF,  oit  one  of  the  first  warnings  we 
have  of  a  possible  SWF  is  the  optical  observation.  Since  SW^  are  produced  oy  the 
X-rays  from  the  flares,  we  have  studied  the  optica?  characteristics  of  flares 
associated  with  93  solar  X-ray  bursts  observed  by  vrpl or* :  33  and  35  from  July 
1966  to  July  1968.  Each  event  produced  greater  that  ten- fold  increase  over  back¬ 
ground  in  the  2A  to  12A  band.  Only  87  could  be  correlated  with  optical  flare3. 

The  remaining  six  were  apparently  caused  by  flares  occurring  beyond  the  limb  with 
X-rays  emitted  from  the  corona  high  above  the  flare  region.  Results  are  shown  in 
Table  1,  Note  that  the  size  (importance)  of  the  fla’-e  is  not  particularly  defini¬ 
tive  since  Importance  2  and  3  flares  are  relatively  rare.  However,  the  brightness 
of  the  flare  Is  of  considerable  importance  in  determining  the  presence  of  X-raye. 
Also,  large  X-ray  events  appear  to  occur  more  frequently  near  the  limb  than  near 
the  center  of  the  disk. 

OPTICAL  SOLAR  FLARES  RELATED  TO  X-RA''  EVENTS 


Jul  66  to  Jul  68  (93  Total  Events") 


Importance  (Size) 


Number 


10  45  2H  8 


Percent  of  Total  11  52  28  9 


Brightness 


Faint  Normal  Brilliant 


Number 


Percent  of  Total 


Optical  Features 

a)  Two  or  more  brilliant  points  ^9  (51<) 


b) 

Several  eruptive 

centers 

38  (1H*) 

c) 

a  or  b 

61  v70S) 

Solar  Longitudinal  Dlstri 

.bution 

5  5 

90E-30E  50E-30V 

30W-90W 

Beyond  Limb 

0  ri 
ra  fc 

ilOX 

33  28 

25 

5 

<0 

0)  >> 
u  aj 

j20  X 

13  5 

11 

0 

o  n 

h  w  i50X  3  1 

*6  events  not  correlated  with  optical  observations. 


Table  1 


Our  forecasters  use  these  statistics  for  e.  real-time  evaluation  of  whether  a 
SWF  is  likely  to  be  associated  with  the  optical  flare.  Additional  data  arrive  at 
the  forecast  Center  almost  immediately  to  help  the  forecaster  decide  whether  a 
SWF  is  likely.  Large  microwave  solar  radio  bursts  indicate  that  the  flare  is  very 
energetic  and  that  hard  X-ray  emission  is  probable.  Actual  measurements  of  X-ray 
flux  frcjin  Vela  satellite  sensors  are  most  definitive.  When  the  flux  exceeds  10-3 
erg6/cm"  sec  in  the  .5.4  to  5&  sensors,  we  can  be  confident  that  a  SW?  is  in  progress. 

The  forecaster  evaluates  these  optical,  radlc,  and  satellite  observations  and 
subjectively  predicts  the  duration  of  the  fads oat.  Ke  then  telephones  his  prediction 
to  the  customers.  The  l*3AF  weather  ccmmunl cations  system  allows  this  entire  sequence 
of  events  to  take  place  within  a  few  minutes. 

For  example.  Eastern  Test  Range  provides  prime  communications  luring  Apollo 
flights.  On  March  1?,  1969,  during  the  Apcllo  IX  mission,  e  major  sola’*  flare 
occurred,  acconroanied  by  an  X-ray  burst  and  a  short-wave  fadeovt.  Thu  sequence  of 
events  is  shown  in  Table  2.  The  importance  of  this  service  was  pclr.tea  up  by  the 
actions  taken  by  the  NCS.  On  being  notified  of  the  onset  of  the  solar  flare,  he 
switched  high-priority  circuits  to  a  satellite  and  roosted  one  Hr  circuit  to  maximum 
power  to  send  a  message  down  range  telling  all  scations  to  standby.  Thus,  when  the 
SWF  ei:ded,  all  stations  were  still  on  frequency  and  communications  were  restored 
immediately.  Without  the  information  provided,  the  oonmun.'.cntors  would  have  begun 
* twirling  knobs"  x. n  a  fruitless  attempt  to  restore  communications  and  all  stations 
would  have  been  on  different  frequencies  when  the  fade-out  ended.  Additional  time 
would  have  been  required  to  get  back  together. 


1735Z 

1743Z 

1745Z 

171»3~1752Z 

1752Z 

1817Z 


SHORT  WAVE  FADSCUT  OF  12  MAKCh  196c 
FLARE  BEGaH 
SFC  NOTIFIED  OF  FLARE 
SFC  ADVISED  NCS  -  SWF  JUST  BEGINNING 
ADDITIONAL  DATA  RECEIVED  AT  SFC 
PREDICTED  RECOVERY  BETWEEN  J.615Z  and  l8?0Z 
CIRCUITS  RESTORED 

Table  2 


We  also  provide  warnings  of  the  occurrence  of  geomagnetic  storms  and  solar 
preton  (PCA)  events.  Since  the  ionospheric  effects  associated  with  shese  distur¬ 
bances  are  more  gradual  in  their  onset,  the  forecasters  have  more  t„me  to  react. 

MUF-LUF  Forecasts:  In  predicting  MUF  and  LUF  we  use  a  three-step  process: 

1)  Average  MUF  and  LUF  for  a  two-week  period  are  predicted  a  rack  or  so 
in  advance. 

2)  Deviations  from  those  average  condition®  are  predicted  for  each  hour, 
twenty-four  hours  in  advance. 

3)  The  twenty- four  hour  forecasts  are  revised  ay  necessary. 

Two-week  average  predictions  are  based  on  climatology.  The  monthly  median 
predictions  produced  by  ESSA  are  used  in  u  comr,o-.ar  program  first  developed  by 
ESSA  researchers  and  later  modified  somewhat.  Since  a  marked  discontinuity  occurs 
in  the  ESSA  predictions  on  the  first  of  each  month.  the  monthly  median  is  used 
only  for  the  middle  two  weeks,  and  two  months  c.re  averaged  to  obtain  a  prediction 
for  the  last,  week  of  one  month  and  the  first  week  of  the  following  month.  These 
predictions  are  the  first  estimate.  We  modify  them  o.j  the  basis  of  our  exp?rierce 
with  the  particular  circuit,  vising  propagation  reports  from  the  operator  and  path 
sounder  data,  where  available.  For  example,  we  k.\ ow  that  on  certain  long  paths 
the  median  MUF  predictions  are  too  low,  ar.c.  the  forecaster  takes  that  into  account 
in  preparing  the  final  two-week  base-line  pred lesions .  A  sample  forecast  is  shown 
in  Figure  1.  The  customers  use  these  t^te^Iine  predictions  in  setting  un  their 
operating  schedules  for  the  two-week  period. 


1* <are  *SS0”tl*lly  modif.’ cr-.tions  or  revisions  of  the  two-week 
5'„'  A  ->e^J-e  -ihown  .r  Figure  2.  The  customer.''  examine  each  daily 

^T’-at  I?,  ^t  rLV^^er  *?  nece':Sery  co  their  operating  schedule 

;2  tna£  ;  y  ,Pe  ?risa*ts  *re  Riven  as  numberc  of  megahertz  above  or  b«low  the 
two-weed:  tese-lir.e  ^or  each  hour  ot  the  twenty-four.  They  are  mainlv  sublective 
based^on  all  ►he  cat.,  available  at  tx.e  Solar  foreers-  Center  S^y  «rules!of-th«.b" 
-?v®  ^f®u  ae’J'J'cp(  ;:  Sc®;~  °*  th-m  are  veil  known  and  -lave  been  recorted  in  the 

\L'~rat,\'e>  ,thr  Auction  in  MbF  during  an  io.to-magnetlc  storm.  Oth  r.s,  are 

ST-oS'w"  S1tili,?;lnf  e.g.,  Vnen  m»  geomagnetic  f?eld  is  quiet  Zl 

?!?  ‘  :’olar  fiux  J-=  33  or  hcove  the  .Jr-day  running  mean  ar.J  is  increasing 

tb,  m--  viu  lncrej.se  by  10  to  20<;  if  tV.iu  continues  fJ  tv-c  o^hree  *£3?  thf* 

.4J-  can  ..ncre-so  by  as  a»;cb  as  30  th.;  convert  is  not  necessarily  true. 


FORECAST  FOR  Hawaii 

to  Southern  California 

VALID 

DATE  18  Nov 

_68 

LUF 

0100-0300Z 

+2 

0300-0500Z 

+1 

MUF 

0000-0400Z 

-2 

1500-1700Z 

-1 

1800-00002 

-3 

Figure  2 

Some  of  the  most  Important  data  available  to  the  forecaster  for  his  daily  fore¬ 
casts  comes  from  vertical  incidence  sounders.  These  data  enable  us  to  define  che 
state  of  the  ionosphere  directly  rather  than  through  inferences  from  solar  and  geo¬ 
magnetic  data.  Prom  the  international  UKSIQRAM  data  exchange  and  from  various  other 
sources,  VI  sounder  observations  reach  the  Solar  Forecast  Center  daily.  The  percent 
deviation  from  the  predicted  median  value  is  calculated  for  each  observation.  These 
deviations  often  form  persistent  synoptic  patterns  which  the  forecaster  Is  able  to 
analyze  and  follow  for  several  days.  Some  patterns  are  associated  with  iono-magnetic 
storms  while  others  cannot  be  associated  with  any  soler  or  geomagnetic  phenomena. 
Because  they  often  persist  for  several  days,  we  use  these  patterns  m  our  routine 
forecasting,  even  when  we  do  not  understand  their  causes. 

A  technical  development  unit  has  recently  been  organized  in  4th  Weather  Wing 
for  Improving  our  capability  to  provide  ionospheric  services.  A  major  effort  of 
this  group  is  to  examine  the  forecasting  "rules-of-thumb"  objectively  so  that  the 
forecasting  can  be  computerized.  For  example,  we  are  calculating  regression  equa¬ 
tions  for  predicting  MUF  during  iono-magnetic  storms  using  the  average  k  indices 
for  a  preceeding  period.  This  has  been  reported  in  the  literature  for  foF2.  We 
are  applying  the  results  to  specific  paths  for  which  we  make  predictions. 

As  many  of  you  are  aware.  Air  Weather  Service  has  been  making  a  concerted  effort 
to  have  hourly  VI  data  from  Europe  and  North  America  reported  to  the  Solar  Forecast 
Center  in  near  real-time,  i.e.,  every  hour  if  possible.  We  are  developing  computer 
programs  for  handling  these  data  directly  from  the  communications  circuits,  making 
the  necessary  calculations,  and  displaying  them  in  a  format  which  is  immediately 
useable  by  the  forecaster. 

We  feel  that  future  progress  In  ionospheric  forecasting  will  be  made  when 
enough  VI  data  are  available  in  near  real-time  for  mapping  the  ionosphere  similiar 
to  the  way  in  which  the  troposphere  and  stratosphere  are  mapped  for  weather  fore¬ 
casting.  This  is  not  the  entire  answer  to  the  forecasting  problem;  solar  and  geo¬ 
magnetic  information  Is  also  required.  But  direct  observation?  of  the  ionosphere 
itself, available  in  near  real-time^  should  be  a  great  step  forward  in  improvine  the 
state-of-the-art. 


References :  1.  Barghsusen,  A.  F.j  J.W.  Finney;  L,  L.  Proctor,  and  L.  D. 

Schultz;  Predicting  Long  Term  Operational  Parameters  of  High 
Frequency  Sky-Wave  Telecommunications  Systems.  ESSA  Technical 
Report  ERL  110-ITS78,  May  1969. 

2.  ESSA  Research  Laboratories,  Solar  Geophysical  Data,  U.S.  Dept 
of  Commerce,  1967,  1968,  1?63. 
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SUMMARY 

Methods  of  evaluation  of  solar-geophysical  data  for  objective, 
rather  than  subjective,  short-term  forecasting  of  ionospher  c 
radio  propagation  have  been  assembled  into  a  flexible  syste  i  for 
computer  application.  Solar  flare  and  solar  radio  noise  bur  it 
data,  with  other  solar-geophysical  information,  are  used  to 
forecast  estimates  of  expected  probability  of  occurrence,  start 
time,  end  time  and  intensity  of  SWF-SID,  PCA  and  geomagnetic 
(ionosoheric)  atoms.  ’Using  these  forecasts  together  with 
current  observations  jf  pertinent  phenomena,  hourly  changes 
of  attenuation  and  M  if  are  predicted  for  any  location  and  any 
HF  telecommunication  circuit.  A  companion  paper,  "Opera¬ 
tionally  Oriented  Telecommunication  Forecast  Service,"  by 
R.  K.  Salaman,  discussed  user  access  to  the  programs  and 
automatic  dissemination  of  data  and  forecasts.  The  programs 
are  designed  for  rapid  incorporation  of  new  methods  and  data 
and  for  quick  updating  of  subroutines  as  new  information 
becomes  available. 
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1.  INTRODUCTION 

Short  term  forecasts  for  ionospheric  radio  propagation  have  been  issued  by  different  groups 
in  several  countries  for  a  number  of  years.  They  are  usually  subjective,  based  on  monitoring  of  changes 
in  solar-geophysical  variables  and  operation  of  selected  radio  circuits,  and  depend  on  the  experience 
of  the  forecaster.  He  generally  develops  some  rules  of  thumb  for  his  subjective  technique.  Heavy 
reliance  is  usually  placed  on  persistence,  assuming  that  current  conditions  or  trends  will  continue 
unless  &  change  or  disturbance  can  be  foreseen.  Such  systems  tend  to  be  disturbance  oriented.  If 
communications  for  worldwide  data  exchange  and  dissemination  of  forecasts  could  be  essentially  instanta¬ 
neous,  a  different  forecast  philosophy  might  emerge.  Improvement  is  being  made  in  coanunicat ions ,  but 
considerable  improvement  in  forecasting  techniques  is  also  needed. 

A  general  system,  using  a  computer  to  evaluate  solar-induced  events  and  their  effects  on  the 
ionosphere  and  communications  will  be  outlie  d,  and  applications  to  specific  forecast  problems  will  be 
discussed  in  detail.  Although  the  system  is  un  aid  to  the  forecaster's  msmory  find  evaluates  data  rapidly 
it  is  primarily  the  evaluation  part  of  an  automatic  information  retrieval  and  forecast  system, 
discussed  in  a  previous  paper  presented  here  by  &.  K.  Salaman.  This  is  mainly  an  adaptation  cf  results 
already  available  in  the  literature  to  the  computer,  rather  than  a  new  basic  study.  However,  the  system 
is  designed  to  be  flexible,  to  permit  ready  incorporation  of  future  advances.  This  is  a  preliminary 
effort,  and  improvements  can  be  expected  as  research  progresses  on  the  many  diffcult  problems  that  now 
limit  accuracy  and  reliability  of  forecasting. 


2.  THE  SYSTEM 

The  basic  philosophy  of  the  system  is  a  bootstrap  detection-forecast  approach.  One  detects  and 
measures  events,  looks  at  the  results,  and  forecasts  trends  until  a  later  significant  event  is  detected. 
This  philosophy  was  implicit  in  previous  subjective  forecasting,  which  is  now  made  more  objective  by 
modern  computer  techniques.  The  first  part  of  the  system  makes  an  evaluation  of  solar  geophysical  events 
such  as  solar  flares,  radio  noise  bursts  at  10,000  MHz  and  200  MHz  type  IV  solar  radio  noise  bursts, 
used  singly  or  in  combination  (Sinso  and  Hakura,  1958).  The  probability  of  occurrence.,  beginning  time, 
duration,  and  magnitude  of  the  effects  of  these  predictors  are  included  in  the  file  of  current  pertinent 
data.  The  general  sequence  of  observed  events  usually  begins  with  a  solar  flare,  followed  by  a  polar 
cap  absorption,  event  in  one  or  more  hours,  which  is  followed  by  a  geomagnetic  storm  in  one  to  three 
days. 


The  second  part  of  the  system  determines  how,  in  time  and  magnitude,  the  signal  strength  (LUF), 
stability,  and  MUF  of  an  HF  circuit  will  be  affected  by  the  disturbing  event.  The  determination  of 
stability  is  still  under  study.  Figure  1  is  a  block  diagram  depicting  the  interrelated  operations. 

The  evaluation  is  automatically  made  and  filed  each  time  a  flare  and/or  other  predictor  is 
reported.  Characteristics  of  observed  events  are  ccapiled  in  this  file  also,  which  is  instantly  avail¬ 
able  to  the  second  part  accessed  by  subscribers  desiring  a  forecast  for  a  specific  circuit.  The 


svstem  is  automatic.  The  forecaster  only  monitors  the  system,  using  the  results  to  generate  warnings 
for  other  purposes  and  inquiries.  A  detailed  block  diagram  of  the  evaluation  process  is  shown  in 
figure  2,  with  typical  radio  burst  data  illustrated  by  figure  2a.  Details  of  the  circuic  parameter 
calculations  are  indicated  by  the  block  diagram  of  figure' 3. 

3.  SWF-SID  PREDICTION 

No  attempt  has  been  made  to  predict  flares  or  SWF-SIDs  in  the  system.  He  notify  users  immediately 
after  flare,  radio  burst,  or  x-ray  events  are  reported.  A  24-hour  estimate  of  probability  of  an  SWF-SID 
is  derived  from  the  flare  probability  forecasts  issued  by  the  ESSA  Space  Disturbance  Forecast  Center. 
Given  their  probability  of  a  flare  a  combination  of  probabilities  is  used  as  the  probability  of  occurs 
ranee  of  an  SWF-SXD.  Predicted  SWT -SIC  characteristics  that  affect  commmicationa  are  signal  attenuation, 
start  time,  end  time,  and  the  maximum  attenuation  expected  during  the  interval.  In  the  future,  we  plan 
to  include  en  estimate  of  attenuation  at  any  time  during  the  SWF-SID  interval  by  using  an  average  shape 
of  the  local  time  variation  of  attenuation, 

3.1.  SWF-SID  PROBABILITY  PREDICTION 

Gladys  Harvey's  (1964)  data  are  used  to  derive  estimates  of  probability  of  occurrence  of  an 
SWF-SID  for  each  level  of  flare  importance.  The  results  are  listed  in  table  1  as  (SID)  percent.  This 
should  be  corrected  for  tbe  cosine  of  the  solar  zenith  angle  (cos  x)  and  frequency,  the  same  as  for 
attenuation,  but  this  is  not  yet  included  in  the  system.  We  would  like  to  use  another  indicator,  solar 
x-ray  observations,  when  the  data  are  completely  available  in  real  time,  but  inclusion  of  this  in  the 
system  requires  further  work. 

To  substitute  for  the  x-ray  data,  we  use  observations  of  solar  radio  noise  flux  bursts  at  higher 
frequencies,  say  8800  to  15,400  MHz  which  are  reported  almost  in  real  time,  and  which  are  fairly  well 
correlated  with  SWF-SID  maximum  attenuation  and  duration  as  reported  by  Harvey  (1964)  for  2800  MHz,  The 
probability  of  occurrence  of  a  SWF-SXD  estimated  from  the  higher  frequency  solar  radio  noise  bursts  Is 
derived  from  the  logarithm  of  the  energy  in  Che  burst  (smoothed  maximum  intensity  times  duration) 

(Harvey  1964). 

3.2.  SWF-SID  SIGHAL  ATTENUATION 
AND  DURATION  PREDICTION 

This  section  of  the  program  is  based  on  an  unpublished  study  of  average  signal  attenuation  (dB) 
of  WWV  CW  transmissions  at  5  MHz  from  Ft.  Cellini,  Colorado,  recorded  at  White  Sands,  New  Mexico.  These 
well  calibrated  records  were  chosen  from  those  available  for  many  locations  and  frequencies.  On  these 
records,  all  attenuation  maxima  would  he  normalized  to  about  the  lower  frequency  limit  of  most  HF 
operations.  Also,  at  the  midpoint  of  this  one-hop  path,  the  sun  is  nearly  overheard  for  several  hours 
around  nrxra  during  the  summer  months  and  goes  to  low  values  of  cos  X  (large  solar  zenith  angles)  during 
winter  days.  Following  Schwentek  (1961) ,  we  shift  tbe  attenuation  to  other  frequencies  and  locations 
simply  by  calculating  the  attenuation  at  the  oae-hop  path  midpoint,  or  at  each  control  area  for  multihop 
paths.  In  the  latter  case,  the  combined  value  is  used.  In  the  future  ve.  will  calculate  attenuation  for 
all  hops. 

The  CW  recordings  were  scaled  by  drawing  the  normal  diurnal  trend  curve,  and  that  for  the  SWF-SID 
event.  The  maximum  attenuation  is  determined  by  the  difference  of  the  event  and  normal  trend  lines, 
using  tbe  daily  calibration.  Forty-six  events  in  May,Juue,JuIy  and  August  during  recent  years  for  hours 
1700  -  2100  2(1000  -  1400  IT)  were  measured  and  tbe  attenuation  grouped  by  flare  importance  categories 
both  for  flares  only  and  for  flares  with  associated  near  10,000  MHz  radio  noise  burpts.  (The  results  for 
the  events  with  flares  only  are  listed  in  table  1.)  The  attenuation  associated  with  the  radio  bursts  of 
the  above  -tudy  were  plotted  versus  the  logarithm  of  the  (10,000  MHz)  burst  energy  (see  figure  4).  A 
least  squares  fit  to  the  points  has  a  standard  error  of  the  vesiduala  of  6.2  dB,  and  is  indicated  by 
tbe  solid  line  of  figure  4.  The  line  actually  used  in  the  system  computations  is  shown  by  the  dotted 
line  of  figure  4,  and  is  rotated  slightly  to  coincide  with  the  desired  limits,  determined  by  observed 
events,  for  the  computations  given  by  the  equation: 

Attenuation,  dB  »  11.333  log  energy,  io"**  Watts  -  3.333 

The  SWF-SID  maximum  attenuation  is  scaled  to  other  frequencies  from  the  basic  subsolar  point  data 
for  5  MHz  by  using  a  1/f*  relationship  (Schwentek,  1961).  Tbe  relationship  was  checked  between  5  and  12 
MHz  for  several  other  cases  and  was  found  to  be  less  than  9  percent  in  error.  The  maximum  subsolar  point 
attenuation  is  also  decreased  by  a  cat.  X  factor,  where  X  is  the  aixre  zenith  angle  at  tne  ona-hc?  path 
midpoint,  or  by  tbe  sua  of  tbe  ccs  X  factors  at  the  control  areas  for  multi-bop  paths. 

If  thr>  norms  I  operating  signs  I-to-.*oi*e  ratio  (S/N)  is  known  for  the  time  in  question,  the  usable 
S/N  available  during  the  maximum  SWF-SIP  attenuation  for  a  circuit  is  given  by  subtracting  tbe  SWF-SID 
attenuation  from  the  normal  S/N  by  the  sj-stes.  in  our  SWF-SID  ctudy,  we  found  that  tbe  noise  usually  de¬ 
creased  about  lOdB  during  tbe  SWF-SXD  at  midday ,  vMch  agrees  with  a  13dB  measurement  of  this  effect  In 
Southcsst  Asia  iu  the  wrniog  for  approxlostely  the  same  cos  X. 

SID  duration  was  plotted  versus  solar  flat*  svea  corrected  for  foreshortening.  A  least  squares  fit 
was  derived  for  tbe  points,  and  values  of  duration  for  esch  level  of  flare  importance  ve.-e  read  iron  the 
curve.  These  values  of  SID  duration  arc  given  for  flares  only  n.  table  1,  and  the  curve  Is  shown  xn 
figure  5,  with  different  groups  of  dans  indicated  by  the  two  symbol?  When  a  10,090  MHz  radio  burst 
accompanies  a  flare  or  occurs  alone,  its  duration  is  used  for  tbe  SWF-SID  duration,  as  the  correlation 
of  the  shape  and  duration  of  the  burst  profile  seam  to  be  very  good. 
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Probability  of  PCA  it  tcken  ns  25  percent  le»i  than  'K?  f  robibilici'  of  amagdyerU.  -dfcoar  giTon'.  > 
by  Hakura  and  Gob  (1959),  but  current  work  may  lead  to  revision  of  this  value,  A  Conatrbt  valSD-of - 

dB  attenuation,  an  averrge  for  33  PCA  events  (3.  h.  Bailey  1954),  it  used  for  PCA  attenuation.  Mod: 
core  work  is  needed  In  this  area.  ,  -'  "  ^  "  -~'-r  \*  _ 

PCA  event  a  divide  into  two  groups  -ifiich  c\av.s  fast  ead  slow  psrticla  trar^l  speeds.  Thafatt 
pcriicle  group  tend  to  ac^rpany  flares  with  prw-ilare  noise  bursts  xn  Abe  higher  radio  fntqVtniie'  -and 
whose  travel  time  ie  a  function  of  source  flare  solar  Icrsgitcde  (Sinno,  1961  ,:9(£ye  7t*r  a  gtcup  cf  15 
(Sakura  And  Mead a,  1966),  a  least  equates  fit  of  Lhe  PGA  start  tine  after  the  tine  of  flare  (in  hours)  ,s 
versts  longitude  f*  given  by  _ 

line  (P-PCA)  «  0.031  4-  2. 90  -lours  with  a  standard  error  of  the  residuals  ""  ~ 

of  1.13  hours, 

where  1  is  the  sober  longitude  in  degrees  of  the  source  flare  with  signs  ol  +  for  S  and  -for  If.;  Paw 
are  Indicated  from  extreme  east  longitudes >  The  start  time  of  the  alow  particle  PCA  group  seems  tc  be 
lode pendant  of  position  of  the  source  flare.  Start  tine  is  a  function  of  the  particle  trapping  time  and 
travel  time  from  the  sun,  and  la  cssoclated  natnly  with  i  -e  post  flare  maximum  200-tEr  type -IV  radio 
noise  burets.  Therefore,,  vfe  can  use  si  inverse  relationship  with  the  geomagnetic  storr  beginning  time 
(which  we  can  forecast  with  some  decree  of  ace-vacy,  see  below)  given  by:  Time  (S-PCA)  «  i.24t  mag  - 
24.79  hours  with  a  standard  error  of  the  residuals  of  6  hours,  where  t  is  the  forecast  magnetic  storm 
time  in  hours. 

5.  "EOMAGNSTIO  STORM  PREDICTION 

The  geomagnetic  (imosphor  c)  storm  o-adictiou  is  derived  from  several  predictors:  Piers,  radio 
noise  burst  (post  flare  mexia-ri  tit -a}  at  ebo?v  200  Kir,  type  IV  radio  burst  occurrence,  and  reported 
PCA,  each  taker  singly  and  in  combination.  Th-  ic 1st ions  are  based  mainly  on  work  of  Sinno  (1959)  (1962), 
Sinno  and  Hakura  (1958),  Bakure  and  Cot.  (1559),  Sakura  1  and  Haeda  (196'i),  Obayashi  (1962),  and  McCracken 
and  Pskaeira  (I960),  Their  I'lationsn'ps  were  used  in  an  evaluation  for  each  flare,  radio  noise  burst, 
etc.  as  they  are  reported,  of  the  probability  of  the  event  producing  a  geomagnetic  storm.  Sudden 
•  oomencement  (fC)  type  stores  will  be  discussed  in  detail.  So  attempt  is  now  made  to  include  the 
prediction  of  recurrent -type  geomagnetic  storms,,  although  data  are  being  analysed  for  thi«  purpose. 

Until  t-ase  can  be  added  to  the  program,  subjective  use  is  made  of  this  typa  of  data  by  the  forecaster. 

5.1.  PROBABILITY  OF  {30MA5va’IC  (JOaPSFBSRIC)  STORM 

The  probability  of  a  fin  re  and/or  poot  flare  radio  noise  burst  tt  200  MHz  ^rodwlag  a  geomagnetic 
sf  arm  is  taken  from  figure  i  of  Sfcno  (1359)  and  programed  for  tb?  computes.  This  was  c.-u>e  by  q^antiz- 
lag  his  lower  -mph  .  <s  the  usual  flare  Importance  categories  against  the  logarithm  of  the  csdio  burst 
excess  energy;  the  z*  suit  ta  shown  iv*  figure  6.  The  extremes,  of  a?ro  I/?R  burst  energy  or  taro  IJarc 
inportanco  are  used  fo ?  flare  or  radio  burst  alone.  The  slop*  and  aero  Jig  energy  Intercept  for  etch 
flare  impotence  curve  were  determined  by  graphical  methods  because  of  limitations  to  the  accuracy  of. 
leading  Sinao's  graph,  lc  thia  way,  we  obtain  the  constants  A  and  B  In  th*  equation 

tK 

P  (MAG)  ■  A  e  , 

where  E  Is  log10  of  the  radio  burst  excess  energy  (the  smoothed  peak  energy  10***  Vatt»/oietev*/Hs  times 
the  duration)  and  PQUG)  is  the  probability  of  a  geomagnetic  (icuospoenc)  storm, 

A  slice  through  Sinno 's  positional  dependence  probability  graph  -jaa  oede  at  25*  N  and  S  laSitude, 
giving  a  change  in  probability  versus  longitude  function  for  north  and  south  hemisphere  flares  as: 

A  P(MAG)S  -  a4+b4+c4+DIB  +  S 

A  P(MAG)S  »  P  l£+  G4  +  Hts  +  I4  +  J4  +  K4+MLS 


+  Hl|  +  Pl4  +  Qhs  +  R, 


where  1b  is  north  longitude  and  1$  1*  south  locyitude  lo  degrees,  and  A  thru  k  ate  coefficient*.  The 
accuracy  of  a  polymssical  fit  tc  these  points  is  shewn  in  figure  7  and  the  coefficients  in  toll:  2. 

Using  the  reported  positional  data,  these  functions  an  used  to  adjust  tbe  former  flare  importance 
versus  energy  values  by  an  much  as  1  20  percent. 

5.2.  TIME  TO  GSCMAGKETIC  STOKi 

In  the  list  of  nine  solar  radio  bursts  (Sinno,  1959,  fig. 2)  an  aposnnt  Inverse  relationship  of 
the  size  (area  under  the  curve  of  magnitude  and  duration)  of  tbe  post-flare  maximum  of  raalo  outburst  at 
200  tffie  to  tbe  time  of  sudden  coeaencement  (SC)  of  tbe  geomagnetic  storm  was  noted.  Therefore,  by  ar pend¬ 
ing  the  data  to  include  all  of  tbe  published  200  MHz  burst  profiles  available,  a  mess  plrt  of  log  energy 
versus  time  to  SC,  shown  in  figure  8,  was  made.  Tbe  different:  symbols  indicate  two  groups  of  data.  The 
solid  line  shews  tbe  lease  squares  fit  to  tbe  data,  which  was  rotated  slightly  to  batter  coincide  with 
the  known  observed  limits,  to  use  in  &n  operational  system,  as  indicated  by  tbe  dotted  Usi.  Although  tbs 
standard  error  of  th*  residuals  is  not  smaller  than  17.  hours,  this  is  considerably  better  than  our  pre¬ 
vious  forecast  methods.  The  results  are  consistent  with  theories  of  the  travel  time  fro*  sun  of  the 
lewer-et.ergy  trapped  particles.  The  time  to  SC,  for  flares  only,  based  on  statistics  developed  from 


Yowiild* 's  (1963)  study  of  geomagnetic  storms  «ud  tlielr  source  flares.  Times  are  grouped  by  flare  import¬ 
ance  categories  and  are  listed  in  table  1. 

The  time  to  geomagnetic  storm  SC  is  also  ohiJined  from  alow  type  PCA  start  time  when  reported. 
This  time  function  is  obtained  from  a  least  squares  fit  to  the  data  of  figure  3  of  Slnno  (1962) . 

Xri  satellite  methods  of  obtaining  the  time  to  the  geomagnetic  storm  SC  by  particle  detection  end 
solar  wind  speed  variation  are  being  atudled  by  BSSA,  and  it  ia  hoped  tney  will  provide  a  more  accurate 
rod  reliable  tool  than  the  energy  relation  with  particle  flew  from  the  cun. 

5.3.  INTENSITY  OP  GEOHAGcmC  STOKi 

In  the  list  of  nine  solar  radio  burst  profiles  mentioned  in  5.2*,  the  intensity  of  the  train  phase 
decrease  seemed  a  direct  function  of  the  excess  energy  of  radio  our A  summary  plot  figure  9,  was 
made  of  24  cases  in  two  different  groups  of  data,  where  this  information  was  available.  A  combined 
graphical  and  least  squares  fit  was  made  to  determine  the  function. 

A  H  -  1.957  B4  -  13.08  E*  +  45.97  ^  -  94.58  E  +  118.34 

where  Z  ia  the  logarithm  of  energy  excess  10~**  Watts/meter3  of  the  200  MHz  post  flare  maximum  part  of 
the  type  IV  burst,  and  AHia  the  change  in  geomagnetic  field  in  grammas.  The  curve  ia  quantised  into 
three  categories  of  storm  intensity  at  aid-latitude  to  derive  the  subsequent  ionospheric  storm  change 
of  MOP:  0-50  gamma  -  no  storm;  50-100  gamma  -  small  storm  and  greater  than  100  gamma  -  large  storm.  Xn 
the  50-100  gamma  portion  of  the  curve  the  accuracy  measured  from  the  graph  is  about  ±  30  gamma. 
Additional  data  might  permit  reduction  of  this  uncertainty.  The  intensity  of  small  and  large  magnetic 
storm  categories  for  each  flare  importance  category  were  obtained  by  grouping  the  data  from  Yoahlda's 
'  Urting  of  source  flares.  The  probability  of  obtaining  a  large  magnetic  storm  increased  from  15  to 
abcli  50  percent  in  the  Importance  4  category  and  showed  a  longitude  variation  which  has  not  yet  been 
included  in  our  system.  These  values  are  included  in  table  1. 

5.4.  HOP  VARIATIONS 

Given  the  starting  time  of  an  SC  geomagnetic  storm  and  the  storm  size,  an  estimate  of  HOP 
variation*  can  be  made  for  a  propagation  path.  R.  M.  Davis  (1963)  determined  the  MOP  change  with  storm 
tit;,  season,  and  storm  sudden  comnencement  in  local  time  for  various  latitude  zones.  Using  hi  a  results, 
the  change. in  hourly  median  MOP  for  the  whole  storm  can  be  forecast  20  to  80  hours,  in  advance.  When 
the  storm  actually  begins,  a  forecast  of  MOP  change  is  made  for  the  next  6  hours,  hour  by  hour,  using 
other  unpublished  work  by  R.  M.  Davis  (1968),  baaed  on  an  average  for  the  past  12  hours  of  geomagnetic 
X  fig. res.  There  forecasts  of  changes  from  previously  predicted  monthly  median  MCFs  are  compered  with 
.  foK  smC  MOP  values  obtained  in  real  time  over  some  known  propagation  paths  as  the  storm  progresses. 

6.0  EVALUATION  OP  THE  SYSTEM 

A  comparison  of  forecasts  of  the  series  of  events  (1950-1959) ,  upon  which  the  first  part  of  the 
arsis*  was  designed,  with  observation  of  the  actual  events  observed  subsequently  is  given  in  table  3. 

A. similar  comparison  for  another  independent  data  staple  for  a  later  time  period  (June  1968),  is 
presented  in  table  4.  While  these  remits  are  encouraging,  considerable  improvement  would  be  desirable. 
BoMMr,  the  system  hie  dynamic  qualities  that  can  only  be  tested  while  in  full  scale  operation,  rather 
than  for  rstected  sequences  of  events.  Therefore,  a  test  was  made  for  Che  months  of  April  thru  July 
1S5R,  even  ebegti  a  limited  amber  of  PCA  and  magnetic  storm  events  occurred  in  that  interval.  The 
fallowing  resales  and  conclusions  were  reached. 


hrobabi lie?  of  Occurrence 


Ir  too  low,  only  6%  of  149 
ubesxved  were  predicted 


SWF-SID 

Error  in 
Start  time 

4.7  min 
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Error  in 
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16.6  min 
-9.7  min 


Error  in 
Intensity 

Data  not  ready 


PCA: 

Error  in 
Start  time 


Error  in 
Intensity 


Is  about  right,  but  didn't  hit  the  one 

of  the  two  that  did  occur. 


+2.5  dB 


Occurrence 


Magnetic  Storm: 

Error  in 
Start  Elies 


Error  in 
Intensity 


•Within  the  ranges; 
>60X  is  right 
SO  -  it<  tcohijh 
■v  ZQZ  is  About  right 
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Data  not  ready 
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7"  -'T  *1—  -v  jgrWS" 

~~%£r^Z£s&F 

C- '  WvJ--  nrJviS: 


gi-^5§ 

s*-Vj 


MD?s:  No  evaluation  ready. 

Wa  intend  to  use  *.  computer  routine  ftr  autooat lc  evaluation  it  the  naar  future  since  thora  - 
ha  -e  bettk  over  5,000  events  processed  since  April  1968. 

^  probability  *^*le  used  io;  >60  percent: >  probably  will  happen;  30-60  parents  50  50  thcice;  — 
and  <30  percent,  probably  will  not  occnr,  ' 

7.0  Conclurions  Z.' 

A  pilot  uorputarlsed  system  for  evaluation  of  solar-geophysical  data  and  foravastirg 
teleccxaunication  system  parameters,  MOT  and  attenuation,  has  been  described.  Evaluatio  of  sons  results 
•/btaimrt  by  the  pilot  system  reveals  limitations  the  evaluation  and  prediction  methods,  farther 
resecTct.  is  needed  to  achieve  substantial  improvements  in  accuracy  and  reliability  of  short  Cent 
prediction  and  evaluation  techniques,  and  methods  of  applying  them  to  practical  >rt.bl«aa.  The  computer 
progrars  are  deslgneu  rcr  rayit'.  i-cccroo ration  of  new  development*  aol  'wdating  subroutines  whenever  new 
Information  becomes  available. 
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Table  3.  First  Evaluation  Rrsulta 
(Originating  Data) 


Correct,  12  of  14  sequences 
Correct,  10  of  13 
Correct,  14  of  14 
Correct,  13  of  14 
Correct,  4  of  5 


(Program  doesn’t  work  on  all  paths  yet  so  not 
propel ly  tested.) 

In  cases  given  values  are  correct  magnitude  for 
further  comparison  when  possible  to  program. 
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12  of  X4 


12  of  12 


14  of  14 


Tabic  4.  First  Independent  Evaluation  Results 
Based  on  11  Sequences 


P  (SWF)  Cc'rect,  1  o 

P  (PCA)  Correct,  9  o 

P  (Mag  Storm)  Correct,  9  c 

Magnitude  of  Msg  Storm  Correct,  5  o 

SWF -SID  No  path  defined  for  analysis  yet 

SWF -SID  Duration  Max  Error 

+  10  min 
-  14  min 


Cc'rect,  1  of  11  sequences 
Correct,  9  of  10 
Correct,  9  c£  10 
Correct,  5  of  3 


Min  Error 
0 
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Time  to  Mag  Storm 


Max  Error 
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Min  Error 
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Oil  THE  TIME  DELAY  BETWEEN  90LAR  FLARES  AND  ASSOCIATED 
GEOMAGNETIC  STORMS 


by 


F.E.  Cook 


lonospharic  Prediction  Service  Division,  Caanoiwealth 
Bureau  of  Meteorology,  Sydney. 


SUMMARY 


Preliminary  examination  of  data  on  solar  flares,  active  regions, 
and  associated  geomagnetic  oto"mo  during  Lhe  period  July,  1557 
to  December,  1959  suggests  a  relationship  between  the  areas  of 
the  corresponding  calcium  plages  and  the  flare-storm  delay  times, 
the  delay  being  greater  for  flares  occurring  in  smaller  plage 
regions,  the  relationship  breaks  down  with  plages  of  area  greater 
than  about  90  x  10 solar  hemisphere,  but  smaller  flare- 
associated  regions  may  be  identified  within  laife  plagec  in  some 
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CK  THE  TIME  DK-AI  BEWSSH  30IAR  rtlRES  ANI  A.'-'JCCTA’OSD 
GBOrflGHSTIC  ST-r^MS 


F.3.  Cool 


Ionospheric  Prediction  Service  Division 
Coaiaonwf!i>.lW(  Bureau  oi  Meieorolojj 


1.  INlHOnUCTIOK 

Disturbajjco  warnings  issued  by  the  lonc^phei-if  Prediction  Service  Division  nr« 
based  partly  on  the  identification  of  precursors  of  ge. .magnetic  stews,  with  dude  estimate 
of  the  probabi1  itj  of  sudden  ionospheric  disturbances  (Sips)  during  sclw  flares.  Two 
kinds,  initially,  of  geomagnetic  di  sturbrj-.ee s  are  ."eco^niieo.:  those  associated  with  long- 
lived  features  of  the  solar  wind  structure  co-rotatiag  with  im  sun  and  overtaking  the 
earth  at  approximately  27-day  interval.,  aiid  those  associate  vith  centres  of  activity 
which  shew  rapid  development  of  spot  groups,  magnetic  complexity,  strong  cri'.-ml  line 
emission  when  eeon  at  the  limb,  strong  radio  emission  especially  at  metre  wavelengths-  sad 
major  flare  activity. 

The  active  regions  can  of  course  be  expected  to  modify  the  solar  w^nd  structure 
above  than,  resulting  in  the  moderate  disturbances  associated  with  their  central  meridian, 
passage.  It  is  generally  accepted  however  tnat.  many  of  the  majer  sudden-commencenent  (S'J/ 
geomagnetic  storms  can  be  associated  with  vajor  solar  flares,  especially  those  accompanied 
by  strong  type  four  radio  outbursts.  Several  compilations  of  flare-sto^m  relationships 
were  published  during  or  soon  after  the  IGT-IGC  jsriod  buly  1957  to  Decasbar  1959,  directed 
sv-iniy  toward  clarifying  the  •■elation ship  between  solar  activity  and  polar  carr  absorption 
events  (PGAs)  but  including  geomagnetic  storm  relationships  also,  and  reference  is  mr.de 
here  to  compilations  by  Hakura  and  Goh  (1),  rhetupaon  and  Harwell  (2),  Obayashi,  ani  natcurc 
(3),  de  Feiter  et  al.  (f)r  Sinno  (5,  9),  .Snrabhai  and  Pal  (6),  feed*  et  al.  (7),  Hr.  "rwltz 
(8),  Noyes  (10),  Bhargava  and  Nattrajan  (ll),  and  C%ro"baios  (12). 

It  should  be  pointed  out  that  not  all  workers  in  this  field  accept  t..o  icea  cf 
direct  flare -storm  relationship ;  the  opposition  point  of  view  is  swanarized  and  reviewed 
fcy  Bednarova-Wovak<~va  (13).  Howover,  if  .he  ascoclativn  of  SC  storms  with  aijor  flare 
events  10  accepted  as  s  basis  for  forecasting  their  occurrence,  and  pcssibly  their  severity, 
there  remains  the  problem  of  forecasting  their  starting  times.  It  i3  not  proposed  to 
review  this  problem  here,  or  to  discuss  the  allied  problem  of  forecasting  the  occurrence 
and  shirting  times  of  1C As,  except  to  mention  the  possible  relationship  of  delay  time  to 
the  Intensity  of  the  radio  outburst  accompanying  the  flare  (Caroufcalos  (12)),  and  a  relation¬ 
ship  suggested  by  Haurwitz  (d)  between  the  delay  time  and  the  level  of  geomagnetic  activity 
before  the  storm.  The  purpose  of  this  paper  is  to  present  evidence  which  sight  suggest 
another  useful  relationship,  between  the  delay  times  and  the  areas  of  the  calcium  plage 
regions  in  which  the  flare 3  occur.  To  be  of  any  use  for  forecasting  purpose1?,  data  must 
be  available  easily  and  quickly,  anti  the  calcium  plage  data  (discussed  below)  are  at  present 
availaole  t) .rough  the  daily  ursigraas  of  the  International  Ursigram  end  World  Hsyt  Service 
(IutfOS). 


LIST  OF  FIARE-SIORM  EVENTS  AKD  CAbUlm  FLAGS 
AB3AS  (TABLE  1) 


Selection  of  events 


In  compiling  the  list  of  flare-storm  ev~ntu  j--.  Table  1,  the  air*  has  been  to  in¬ 
clude  every  significant  event  (Kp  5  or  above,  but  inducing  one  disturbs 'co  with  Rp  4) 
with  a  definite  starting  time  and.  with  which  one  or  mere  solar  Oireo  could  be  reasonably 
associateo  according  to  the  criteria  mentioned  in  the  introduction  to  this  panel-. 
References  (1  to  12)  are  given  to  flare-slr-iM  associations alreslv  puDiithoc',  aud  whore 
more  than  one  flare  meets  the  criteria  tlsy  have  all  been  listed  and  treated  as  separate 
fiare-storra  events. 


*  Disturbance  Nami:.-,,  »'»ction,  and  IBWPS  Regional  Sferning  Centra 


2-2  Tt*  gec36gnetic  stem  sad  flare  data 

The  recmigcetic  SOs  aev  Kp  indic&s  have  bean  published  in  the  I.A.G.A.  Bulletins 
and  jfr*  time  to  time  in  other  jour:  sis,  o.g. ,  Journal  of  Geophysical  Research  and  the 
OSK  (  job  3S?\)  F-ser 'es,  The  flare  Oat*,  have  likevd.se  appeared  in  the  Quarterly  Bulletin 
en  3o"; ar  Activity  of  the  I.A.U.,  and  iatve  CRFL  (S£SA)  series,  but  reference  has  been 
made  '-iinly  to  -ih~  IfcMsth-nuloert  Observatory  Working  Lists  of  Flares,  and  to  the  IGT-IGC 
C*lr.dar  Record;  these  Cuta  are  well  kr-.vxb  and  need  no  farther  comment. 

" ,j  Irn  vai-'i’.iffl  plage,  data 

Calcium  CK3'  solar  plrge  data  have  been  made  available  by  the  McMath-Hulbert 
Oh oer-ratory  ever  sfi.ce  the  stars  rf  the  10?.  and  m  still  supplied  within  a  tew  hours 
ci  chservv- . ion  and  aeasmement  through  the  IUWDS  ursigrams  (UPLAK  code).  The  data  are 
tha  daily  (in  units  of  10~A  solar  hemisphere),  positions,  and  intensities  of  the 

olagou,  but  it  -eiist  be  emphasised  that  they  are  not  definitive  data;  they  are  preliminary, 
uncorre jted  data  only,  supplied  rapidly  in  an  effort  to  meet  the  need  for  a  quick  and 
generrl  report  of  Itv  calcium  plages  (P.  Dodson  Prince'  private  communication)  and  are 
therefore  subject  to  large  errors  ani  scatter  in  day  to  day  measursaents.  In  particular, 

» "Je  regions  wilT  be  found  V  contain  more  than  one  centre  of  activity  producing  separate 
sequences  of  ZLsies  but  there  can  be  no  attempt,  in  the  time  available,  to  delineate 
separate  regions  within  the  one  plage  by  recourse  to  H-alpha  spectrograms,  magnetogram, 
etc.  Sfdlar  data  from  Mount  Wilson  Observatory  (serial  numbers  preceded  by  WL)  have 
been  used  in  the  table  rfhere  KcMatn-Hulbert  data  were  not  available. 


K’.ere  the  flare  time  is  some  hours  away  from  the  time  of  plage  observation, 
the  plage  areia  timed  to  the  nearesu  tenth  of  a  day  are  given,  and  the  area  at  flare 
came  estimated  by  interpolation  although  the  rate  of  change  is  certainly  not  always 
'liiiiora  even  if  the  measuranents  arc  cor.  eel.  In  some  oases,  an  attempt  has  been  made 
:  o  estimate  wh*t  the  area  cl  c  particular  region  was,  at  the  time  cf  flare,  from  earlier 
or  labor  measurements  mede  whsn  the  region  ras  separate  although  at  flare  time  it  was 
mergod  with  one.  or  is>re  others  in  a  single  plage.  These  "reconstituted"  areas  appear  in 
Table  1  as  follows: 


(1)  1557  Aug  3o  -  Sep  02.  The  f^are  a4.  13P  CT  Aug  30  occurred  in  a  region  which 
on  Aug  29.6  was  listed  as  VL215  (ifount  Wilson  datr position  228  N25,  area  80  units. 
WI216  at  S25  N15  was  57  units  at  hat  time.  On  Aug  30.6  these  plages  were  combined  and 
listed  as  VL216  only.  Assuming  that  HL215  still  accounted  for  0-6  of  the  total  area  of 
the  combined  rcgi.ona,  its  estimated  area  at-  flare  time  *as  66  units.  Similarly,  separate 
{trees  of  VL215  and  WL216  have  bewn  estimated  for  Aug  31  and  Sep  02.  . 

(2)  1958  Feb  09.  The  flare  at  2108  OT  on  5  Feb  1958  occurred  ir.  a  region  which 
on  P«b  06.6  was  listed  as  McMalh  4402,  area  90  units  or  0,36  of  the  total  areas  of  4400, 
4402  and  4404,  250  units.  On  Feb.  09.6,  they  rere  combined  into  one  plage  listed  as 
4404  with  are*  180  liitr,  so  again  making  the  plausible  assumption  that  4402  still 
accounted  for  the  same  proportion  of  the  total  plage  area,  its  area  at  flare  time  is 
estimated  as  28.  Both  the  total  and  tne  "reconstructed"  areas  are  listed  in  the  table 
and  shown  separately  in  the  diagram. 

(3)  1958  Oct  19.  Plage  4819,  orsa  50  units,  comprised  two  regions  c C  approximately 
equal  area;  areas  of  i>0  and  25  are  plotted  separately  in  the  diagram. 


It  is  probable  that  many  cf  the  bigger  plages,  especially  these  sh.  wr  "off 
scale"  in  Die  diagram,  could  be  resolved  into  smaller  ones,  but  as  the  aim  has  bee.-  to 
s-M  what  can  be  dene  with  the  data  actually  available  fro a  day  to  day,  the  process  ha3 
not  been  carried  further  at  thio  stage. 


3.  THE  PLAGE  AH2A  -  DELA?  TIMS  DIAGRAM  (Fig.  1) 

The  estimated  plages  areas  at  flare  time  ~d  the  corresponding  flare-storm 
delay  times  from  Table  1  are  plotted  in  Fig.  1.  Kb ere  a  storm  is  related  to  more  than 
one  flare,  according  to  different  investigators,  the  alternatives  are  shown,  and  in 
two  casc-r  (1957  Sep  21  and  1958  Jun  05)  efts  same  flare  is  related  to  two  different  storms . 
The  "reconstructed"  alternatives  mentioned  in  Section  2  are  also  shown:  the  delay  time 
of  2G  hours  for  the  atom  of  1958  Feb  11  is  shram  against  180  units  of  cvea,  and  70  units. 
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while  the  delay  of  63  hows  fcr  the  ato*m  ->f  1958  Oct  22  is  Bhowr.  against  50  and  25  units 
of  are* .  The  delay  time  of  94  hours  for  -die  riora  cf  1957  Aug  09  is  related  to  the  flcre 
of  1900  UT  Aug  05  hy  Maedr-.  et  al.  (7)  but  it  la  probable  >.hat  an  e*  filer  SC  related  to 
this  flare  was  masked  by  the  store  which  began  on  Aug  OS,  and  that  the  more  lively  relation 
for  this  atom  is  the  flare  at  1116  UT  Aug  03. 

4.  DISCUSSION 

The  IGX-IGC  period  ms  chosen  for  this  investigation  because,  as  a  result  of 
the  interest  engendered  at  that  time,  many  discussions  and  compilations  of  possible  fla»*e- 
storm  relationships  during  this  period  have  been  published;  those  mentioned  here  are 
representative  but  are  by  no  means  the  complete  list.  The  forecasting  of  starting  times 
of  geomagnetic  disturbances  has  remained  the  least  satisfactory  part  of  practical  distur¬ 
bance  forecasting,  and  is  s  problem  which  lias  not  been  solved  even  with  the  aid  of  data 
from  satellites,  lie  relationship  suggested  by  this  analysis  3s  presented  as  a  new  approach 
to  this  problem,  and  as  a  Ir.sis  for  further  investigation. 

The  remits  tend  to  confirm  that  flare-storm  delays  are  seldom  less  than  a  day 
or  greater  than  about  three  days,  and  suggest  that  the  areas  of  the  active  regions 
represented  by  the  plages,  being  psrhanc  a  measure  of  the  solar  magnetic  fields  available 
fcr  driving  the  plasma  (magnetic  storm)  clouds,  can  be  directly  related  to  the  speed  with 
which  these  clouds  are  propagated  outwarde  from  the  sun. 

ire s  fig.  1  it  is  clear  that  this  relationship  breaks  down  in  the  case  of  very 
big  plages,  with  areas  more  than  about  9,000  millionths  of  the  solar  hemisphere,  but 
the  examples  given  in  the  description  of  the  plage  data  in  Section  2.3  above  suggest, 
that  if.  the -individual  regions  can  be  delineated,  using  perhaps  coincident  H-alpha 
spectrograms  along  the  lines  being  developed  for  flare  forecasting  as  part  cf  the  Solar 
Ihrticle  Alert  Network  programme  (?.  McIntosh,  private  cauminication) ,  useful  results 
might  be  achieved. 

5.  ACKNOWLEDGMENTS 

This  paper  is  part  of  the  work  of  the  Ionospheric  Prediction  Service  Division, 
Ccranonwealth  Bureau  of  Meteorology.  The  writer  thanks  Professor  H.  Dodsor.  Prince  and 
Miss  E.R.  Hedeoan  for  their  interest  and  for  supplying  spectroheliogram3  and  tracings 
when  this  project  was  first  suggested,  and  for  their  warnings  about  the  fallibility  of 
the  calcium  plage  measurements. 

References 


1.  Hakura,  X.  and  T.  Goh. 

Pre-SC  polar  cap  ionospheric  blackout  and  type  17  solar  radio  outburst. 
J.  Radio  Res.  Lab.,  6  (28)  :  635-650  (1959). 

2.  Thompson,  A.R,  and  A.  Maxwell. 

Solar  radio  bursts  and  cosmic  rays. 

Planet  Space  Sci.,  2  (2/3)  :  104-109  (i960). 

3.  Obayashi,  T.  and  X.  Hakura. 

Propagation  of  solar  cosmic  rays  through  interplanetary  magnetic  field. 
J-  Geophys.  Res.,  6£  (10)  :  3143-3148  (I960). 

4.  de  Feiter.  L.,  A.D.  Fokker,  H.P.  Th.  van  Lohuo.zen  and  J.  Rcosen. 

Solar  radio  events  and  geomagnetic  storms. 

Planet  Space  Sci.,  2  (4)  :  223-227  (i960). 

5.  Sinco,  K. 

Some  characteristics  of  solar  corpuscular  radiations  which  excite 
abnormal  ionization  in  the  polar  upper  atmosphere. 

J.  Radio  Res.  lab.,  8  (35)  :  17-28  (1961). 

6.  Sarabhai,  V.  and  G.L.  Pai. 

Cosmic  ray  effects  associated  with  polar  cap  absorption  events. 

J.  Phys.  Soc.  Japan,  17  Suppl.  A-2  :  286-289  (1962/. 


■•zm&BBsam 


S^?^SSH!S?BSfeiS8rS3'«SBt->>aaj!»y®*.  ss««»rrirarw''i  ^v-.-^,..^>.s^;*v?;^,~;5r.v«CTCSSjaeS/'KCW»r 


?.  Maeda,  H.,  3.  Sakurai,  U.  Ondoh  and  M.  Yaraaaato. 

A  study  of  solar-terrestrial  relationships  during  the  IGT  aid  1GC. 
Ann.  Geophys.,  IS  (4)  :  305-3ji  (1962). 

8.  Haurwits,  M  V. 

Dependence  of  interval  between  flare  and  associated  SC  storm  on 
prestorm  conditions, 

J.  Geophys.  Res.,  6J  (7)  :  2979-2932  (1961). 

9.  Sinno,  K. 

Characteristics  of  solar  energetic  particles  which  excite  polar  cap 
blackouts. 

J.  Geoaagn.  Geoelect. j  1£  (1,  2)  :  1-10  (1961). 

30.  Noyes,  J.C. 

Solar  active  regions  and  solar  cosmic  rays. 

J.  Phys.  Soc.  Japm,  12  Suppx.  A-2  :  275-280  (1962). 

31.  Bhargavo,  B.N.  and  R.  Natarajau. 

The  remarkable  sudden  coumencement  of  No” ember  13,  I960  in  the  low 
and  middle  latitude  magnetograms . 

J.  Atmos.  Terrest.  Fhys.,  2£  (8)  :  957-964  (1967). 

12.  Caroubalor-,  C. 

Contribution  a  1* etude  de  l*activite  solaire  em  relation  avec  ses 
effets  geophysiques. 

Ann.  Astrophys.,  2£  (5)  :  333-388  (1964). 

13.  Bednnr ova-Novako va ,  B. 

Solar  indicators  cf  the  origin  of  geomagnetic  stones. 

Geofysikalni  Sbomik  14  s  477-501  (1966). 


Relation  between  flare-storm  delay  times  arr’ 
corresponding  calcium  plages  during  IGY-IGC 


ABSTRACT 


A  method  is  described  of  using  real-time  riooeter  data  for  short-term  prediction  on 
the  course  of  absorption  during  PCA  events.  Prom  Thule  and  other  riometer  stations,  data 
on  past  PCA  events  have  been  analyzed  for  prediction.  As  the  absorption  rises  above  a 
threshold  (0.7  dB  at  30  MHz)  at  a  station,  when  an  event  begins,  the  incoming  data  points 
are  projected  ahead  by  prediction  routines  at  the  forecasting  central.  Integrated  flux- 
inteneity  data  on  the  solar  radio  burst  at  centimetric  wavelengths  (when  there  is  identi¬ 
fiable  association  between  the  causative  solar  flare  and  the  evolving  PCA  event)  provide 
a  useful  estimate  of  the  peak  absorption  for  an  event.  Fbr  the  period  from  this  peak  to 
noon  the  next  day  -  during  which  absorption  may  decrease  sharply  during  night  hours  and 
then  rise  to  a  second  peak  at  noon,  or  it  may  decrease  gradually  if  night  hours  do  not 
occur  at  the  station  -  the  prediction  is  the  least  accurate.  After  this  period,  reason¬ 
able  accuracy  has  been  obtained:  10%  or  1  dB  RMS  error  (whichever  is  larger)  for  lead 
times  up  to  one  or  two  days  in  some  cases.  The  predicted  absorption  values  for  the 
reporting  riometer  stations  are  fitted  to  models  which  -  with  consideration  of  solar 
zenith- angle  dependence,  and  auroral-oval  boundary  -  prescribe  the  distribution  of  absorp¬ 
tion  in  the  polar  region,  for  vertical  incidence  and  30  MHz. 

For  conversion  to  lower  frequencies  of  interest,  we  prescribe  models  of  frequency 
dependence  for  the  absorption,  these  models  being  based  on  theoretical  calculations  made 
for  various  electron-density  and  atmospheric-pressure  profiles  in  the  D-regicn  -  with 
consideration  for  latitudinal,  seasonal,  and  solar-cycle  variations.  Departures  from  the 
inverse  frequency -squared  law,  at  the  lower  frequencies,  are  shown  in  the  calculations. 

For  conversion  from  vertical-incidence  absorption  to  oblique-incidence  values,  for  given 
propagation  paths  traversing  the  polar  region,  computer  routines  in  use  at  the  ESSA 
Laboratories  (Boulder,  Colorado)  are  adopted  to  estimate  the  likely  propagation  modes, 
and  the  corresponding  angles  of  incidence  in  the  D-region. 
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A  three  year  period  (1966  «*  1968)  at  transpolar  v.l.f , -propagation  measure¬ 
ments  (phase  and  amplitude)  is  analysed  with  regard  to  tect  the  reliabili¬ 
ty  of  this  method  to  detect  the  impact  of  solar  protons  (ejected  from  pro¬ 
ton  flares)  in  the  polar  lower  ionosphere.  This  impact  of  solar  protons 
causes  the  polar  rap  absorption  events  (PCA)  of  itF-radio  waves.  In  most 
of  the  cases  »  PCA  can  be  considered  as  a  precursor  event  of  ionospheric 
and  geomagnetic  storms. 

The  long  distance  v.l.f .-propagation  is  of  such  manner,  that  it  is 
very  reliable  to  detect  the  PCA  on  the  v.l.f .-recordings  during  night¬ 
time  but  uncertain  during  day-time <.  The  special  day  and  night  distribu¬ 
tion  over  the  polar  cap  is  responsible  that  the  reliability  of  the  detec¬ 
tion  of  PCA-events  by  v.l.f .-recordings  is  very  high  in  winter  end  low  in 
summer.  Data  ere  given  about  the  reliability  of  the  detection  of  a  PCA  by 
transpolar  v ,l.f. -measurements  made  in  middle  latitudes.  In  addition  to 
this  data  are  given  about  the  reliability  that  a  geomagnetic  sudden  com¬ 
mencement  follows  the  PCA  detected  by  v.l.f .-measurements. 

Finally  data  are  given  about  the  reliability  to  give  a  prediction  of 
the  duration  of  the  recovery  phase  of  the  PCA  from  the  typically  disturbed 
v . I . f . -recordings . 
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For  -'ore  than  20  years  it  has  been  well  known  that  a  sudden  decrease  in 
F2-layer  critical  frequency  is  caused  by  geomagnetic  disturbances.  This 
effect  occurs  in  middle  latitudes  and  its  magnitude  is  greatest  at  high 
latitudes  (see  e.g.  APPLETON  and  PIGGOT.,  1950,  ana  IANGE-HESSE,  1955). 

This  decrease  cf  F2-layer  critical  frequency  also  occurs  in  the  airroral 
zone,  but  there  it  is  masked  by  a  simultaneous  increase  of  ionospheric 
absorption,  called  auroral  zone  absorption  (AZA) ,  which  also  is  con¬ 
trolled  by  the  degree  of  geomagnetic  activity  (see  e.g.  WELLS.  194?). 

The  decrease  in  F2-layer  critical  frequency  in  middle  latitudes  and  the 
increase  of  ionospheric  absorption  in  the  auroral  zone  cause  a  remarkable 
inteiference  of  HF  radio  waves  propagation.  Since  both  effects  are  con¬ 
trolled  by  the  geomagnetic  activity,  there  is  a  big  interest  for  the 
users  of  HF  radio  wave  propagation  to  predict  geomagnetic  disturbances. 

The  geomagnetic  storms  and  the  accompanying  ionospheric  disturban¬ 
ces  are  caused  by  plasma  which  is  ejected  from  active  centers  on  the  sun 
and  which  enters  the  earth's  atmosphere.  Due  to  the  earth  magnetic  field 
this  plasma  impact  mainly  takes  place  in  the  regions  with  geomagnetic  la¬ 
titudes  of  about  +  65  degrees.  These  are  the  auroral  zones.  After  the 

ejection  at  the  sun  it  takes  about  24  to  48  hours  up  to  the  beginning  of 
the  disturbance  of  the  atmosphere.  To  forecast  such  disturbances  we  i.eed 
events  which  on  the  one  hand  are  in  good  correlation  with  the  impact  of 
solar  plasma  in  the  earth's  atmosphere  and  which,  on  the  other  hand,  can 
be  measured  in  advance. 

Under  some  conditions  the  effects  of  high  energetic  protons  (energy 
greater  than  10  MeV)  can  do  this.  At  times  of  high  solar  activity  such 
solar  protons  are  ejected  by  proton  flares.  High  solar  activity  also  means 
that  there  is  an  intensified  ejection  of  plasma  and  therefore  also  stronger 
geomagnetic  disturbances  on  the  earth  together  with  disturbances  of  HF 
radio  wave  propagation.  These  phenomena  are  closely  connected  with  one 
another,  but,  in  general,  a  plasma  burst  does  not  necessarily  mean  that 
protons  are  blown  out,  and  vice  versa.  It  is  also  possible  that  the  earth 
is  only  hit  by  one  species  of  particles,  pretons  or  plasma.  Because  of 
their  high  energy  the  protons  travel  with  a  much  higher  velocity  than  the 
plasma  clouds  and  therefore  reach  the  earth  earlier.  The  protons  hit  the 
atmosphere  in  the  polar  caps  and  there  change  the  ionospheric  structure, 
especially  in  the  lower  regions  down  to  30-50  km.  These  particles  neither 
cause  geomagnetic  disturbances  nor  can  they  be  detected  in  middle  latitu¬ 
des.  These  proton  events  produce  the  well  known  PCA-effects  (Polar  cap 
absorption-event).  [BAILEY,  196'}]  Strong  attenuation  of  HF  radio  wave  pro- 
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pagation  is  then  observed  within  tha  polar  cap  hut  no  effect  is  noticed 
in  middle  latitudes.  Observations  of  strong  HF-propagetiar:  disturbances 
in  higher  latitudes  which  later  were  identified  as  PCA-events  wore  re¬ 
ported  back  to  19*2  £ LANGE -HESSE,  1963]. 

Rather  staple  methods  to  measure  theso  PCA-evc.its  or  to  delect  the 
iapoot  of  to lor  proiens  are  r.iometer-neasurements  and  the  propagation  of 
v-l.f. -radio  waves  in  polar  regions.  Rio»etar-weasureae“'ts  have  lo  be 
made  in  tha  polar  cap  whereas  the  v.l.f.'  radio  weves  only  have  to  cross 
the  polar  regions  and  can  be  received  in  middle  ’ at i tildes.  Therefore  the 
last  method  seems  were  suitable.  The  following  reduction  are  based  on  a 
three  year  period  of  measurements  (19G6  -  1969).  These  v.l.f .-recordings 
in  amplitude  and  phase  of  the  transmitter  NPG  (18.6  kHz),  Seattle/USA  at 
Llndau/ilarz ,  Germany  and  rioraeter-measuroments  on  27.6  MHz  at  Godhavn, 
Greenland.  Figure  1  shows  the  propagation  path  NPG-Lindau  across  the  po¬ 
lar  cap.  The  riometer-station  Godhavn  is  about  in  the  middle  of  the  path. 
The  methods  proved  to  have  different  sensitivities.  The  riometer  shows 
the  biggest  effects  with  day-time  conditions  because  at  this  time  the 
electron  density  has  much  increased  by  photo-detachment.  Contrarily,  thj 
v.l.f  .-propagation  is  most  affected  a<  night-time  conditions.,  when  we  have 
highly  increased  absorption.  The  two  methods  complement  one  another  very 
well.  £ RINNEi^,  1967]  Considering  the  changing  day-night  conditions  in  the 
northern  polar  regions  it  follows  that  the  summer  months  Moy-July  offer 
good  conditions  for  riometer  measurements.  V.l.f .-propagation  is  not  es¬ 
sentially  affected  at  this  time.  Whereas  the  observations  by  v.l.f. -pro¬ 
pagation  measurements  are  to  be  advised  during  the  winter  months,  at  thiK 
time  the  riometer  shows  nearly  no  effects.  Figure  2  shows  the  charge  in 
the  solar  illumination  along  the  great  circle  path  NPG-Lindau.  The  lower 
border  of  each  diagram  corresponds  to  the  receiving  station  Lindau  and 
the  upper  border  to  the  transmitter  NPG,  Seattle.  The  dashed  lines  mark 
the  intersection  of  the  propagation  path  with  the  zone  of  maximum  aurora 
frequency  (see  Fig.  l).  The  different  curves  represent  sunset  or  sunrise 
in  different  heights.  The  cross-hatched  regions  represent  night-time. 


Figure  3  shows  an  example  of  a  PC A-event  on  the  v.l.f .-recordings 
NPG-Lindau.  The  diurnal  change  in  fieldstrengih  is  very  disturbed  on  Nov. 
2/3,  that  is,  the  normal  increase  of  the  amplitude  cf  the  received  signal 
at  night-time  does  not  take  plac?.  Sometimes  these  disturbed  conditions  can 
last  up  to  10  days.  During  the  whole  time  the  normal  history  of  the  phase 
is  rathor  unaffected.  At  least,  minor  proton  events  clearly  affect  only 
night-time  propagation.  This  fact  may  lead  to  an  uncertainty  in  determining 
the  beginning  of  an  event.  If  a  PCA-e/ent  starts  during  day-time  condi— 
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tions  on  the  transpolar  v.l.f.  propagation  path,  the  absorption  effect 
can  be  noticed  not  until  night-time  conditions  occur,  hue  to  the  pro- 
pagation  path  and  season  a  delay  of  about  half  a  day  It  possible  which 
can  be  improved  if  one  records  several  v.l.f.  transmitters  over  trans¬ 
polar  paths*  Figure  4  shows  another  example  of  solar  proton  effects  on 
v.l.f.  amplitude  records  in  comparison  with  Honeter  records. 

Figure  5  shows  schematically  all  PCA-events  observed  during  the 
three  year  observation  period.  The  shaded  regions  represent  times  du<- 
ring  which  there  are  no  usa'olc  recordings  available  (instrument  trouble 
and  so  on).  All  affects  recorded  have  been  confirmed  by  other  measuring 
methods  (from  May  1967  up  to  now)  by  sateilitr  d~ta  (Enploter  3-2,  Vela, 
Pioneer  9,  0G0  III).  Otherwise,  no  considerable  effect  has  been  measured 
by  any  method  which  could  not  be  seen  on  v.l.f.  recordings,  If  there 
are  sufficient  night-time  conditions  eo  the  propagation  path,  the  con¬ 
trol  by  v.l.f.  is  very  reliable.  In  the  table  the  probability  of  fore¬ 
casting  geomagnetic  disturbances  following  these  effects  is  shown. 


Schedule 


Total  number  of  evsnts 

28 

Kp  >  5o  within  the  following  3  days  (disturbed) 

18 

Kp  ac  So  withiv  the  fo' lowing  6  days  (quiet) 

10 

ssc,  within  24  -  48  hours  after  SPE 

17 

ssc,  SIkpSfc  30  within  the  following  5  days 

11 

ssc ,  <C  30  within  the  following  5  days 

6 

Starting  with  a  total  number  of  28  observed  proton  events  18  were 
followed  by  geomagnetic  storms,  that  is,  Xp  So  within  the  three  days 
after  which  the  v.l.f.  recordings  began  to  show  the  absorption  effect. 

In  most  cases  &  POA  is  followed  by  a  ssc,  however,  c  ssc  does  not  mean 
that  the  geomagnetic  activity  will  reach  a  degree  of  Kp  <=  5o.  2s?  stands 
for  the  sum  of  the  eight  Kp-values  of  one  day.  This  Is  a  measure  of  the 
mean  diurnal  geomagnetic  activity.  The  relation  disturbed-to-quiet  con¬ 
ditions  is  18  to  10  and  that  means  ihatv  with  a  certainty  of  65  a  PCA 
is  followed  by  a  magnetic  storm.  This  is  also  the  probability  with  which 
we  can  predict  HF  radio  wave  disturbances  from  transpolar  v.l.f .-data. 
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Figure  6  shows  the  statistical  connection  of  the  degree  of  geomag¬ 
netic  activity  with  the  time  after  the  occurence  of  PCAs.  The  number  »<* 
days  following  the  day  the  PCA  had  been  observed  on  the  v.l .f .-recordings 
is  scaled  on  the  abscissa  whereas  the  sum  of  the  28  -values  is  scaled 
on  the  ordinate.  Two  days  after  the  PCA  one  expects  the-  geomagnet ically 
most  disturbed  conditions,  and  these  decrease  in  the  course  of  7  or  8 
days.  Also,  on  the  <second  day  after  the  onset  of  the  PCA  one  can  expect 
(with  a  probability  of  65  •&)  the  most  disturbed  conditions  of  HF~radio 
wave  propagation.  The  impact  of  solar  protons  into  the  polar  cap  leads  to 
an  increase  of  the  electron  density  at  lower  altitudes.  This  causes  the 
high  absorption  in  the  v.l.f.-band,  particularly  at  night-time.  The  ab¬ 
sorption  then  reaches  values  of  the  day-time  propagation.  This  effect 
lasts  several  days.  [RINNERT,  1968^  The  reduction  of  the  v.l.f .-effects 
observed  reveals  that  the  recovery  is  nearly  proportional  to  the  maxi¬ 
mum  absorption  ir.  db.  Figure  7  shews  the  value  ff  about  3  days  per  10  db. 
This  special  value  depends  on  frequency  and  propagation  path. 


Summary 

HF  radio  propagation  is  essentially  affected  by  the  impact  of  solar  plas¬ 
ma  which  loads  to  the  geomagnetic  disturbaK.es.  In  the  auroral  zone, 
disturbances  of  IIF  radio  wave  propagation  are  most  intense  and  decrease 
both  towards  the  equator  and  towards  the  poles.  Many  such  solar  erup¬ 
tions  of  plasma  are  connected  with  bursts  ox  high-energy  protons.  These 
protons  can  reach  the  earth's  atmosphere  much  earlier  than  the  slower 
plasma  and  thus  produce  PCA-events  in  the  polar  caps.  PCA-events  can  al¬ 
ways  be  noticel  hy  means  of  transpolrr  v.l.f.  measurements  if  "'here  art 
night-time  conditions.  Out  of  28  PCA-events  recorded  during  the  years 
1965  -  1968,  18  were  follov.ed  by  magnetic  storms,  i.e.,  plasma  impacting 
into  the  earth's  atmosphere.  A  magnetic  disturbance  and  also  e  distur¬ 
bance  of  HF  radio  wave  propagation  is  most  probable  on  the  second  day 
after  the  arrival  of  the  protons.  The  proton  event  itself  only  affects 
the  radio  propagation  within  the  poiar  caps.  According  to  the  inten¬ 
sity  of  the  effect  it  can  last  several  days  up  to  about  10  days.  There 
is  a  connection  between  the  du-ation  of  the  PCA-effect  and  the  maxi¬ 
mum  absorption  of  the  v.l.f.  propagation. 


w 


References 

APPLElON,  E.  V.  and  PIGGOT,  R.,  1950,  Nature  1G5  p.  130 
BAIUSY,  f).K.,  1964,  Pianet.  Space  Sci.  12  p.  495 
LANGE-HESSE,  G.,  1955,  J.  Atm.  Terr.  Phys.  7  p.  49 
LANGE-HESSE,  G.  ,  19‘j3,  Naturwissenschaf ten  1_9  p.  605 
RINNERT,  K.,  1967,  Kleinlieubacher  Berichte  1_2  p.  261 
RINNERT,  K.,  1968,  Kleinlieubacher  Berichte  _13,  in  preparation 


-•••-  Moum'jm  MjrorGi  Region:  6  =  22.b° 

0  =  Magnetic  Dip  Pote 
B  =  Mognetic  ajis  Pole 

Polar  map  with  geomagnetic  coordinates  showing  the  transpolar 
propagation  path  NPG-Lindau.  The  black  triangle  in  the  middle 
of  the  path  on  the  west  coast  of  Greenland  marks  the  Rioaeter 
staticn  Godhavn. 


Choice  of  il lamination  along  the  great  circle  path  from  Fig,  1 
be>.veen  Scat; lc  and  Linihtu  The  l^cr  border  cf  each  diagram 
corresponds  <o  the  receiving  station  at  Lindau  and  the  upper 
border  to  the  transmitter.  The  different  curves  represent  sunset 

and  sunrise  in  different  heights:  .  at  ground,  -  at  75 

Jen  and - also  at  75  Jen  but  taking  into  account  a  screening- 

height  of  TO  km 


Feidstorke  KPG-Liinkm 


Ricmeter  Godho/n  30 1,0MHz  J 


September  i?56 


Effect  of  the  PCA-event  from  September  2,  1966  on  trcnspolor 
v.l.f .-asplitude  records  in  comparison  with  Rioneter  records 
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Fig.  5  Schedule  of  observed  PCA-e vents  during  the  tree  years  period 
1966  to  1968. 
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Fig.  6  Connection  between  the  degree  of  geomagnetic  activity  and  time 
after  a  PCA  h«s  been  observes!  on  the  transpolar  v-.i.r. -records 
NPG-Lindau . 
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SUMMARY 

While  the  solar  cycle  variation  of  the  foF?  is  understood,  seasonal  and  daily  perturbations  of 
the  F-region  pla-una  frequency  occur  without  clear  dependence  upon  aolar -geophysical  indices,  Apart 
from  the  magnetic  storm  effect,  the  perturbations  appear  to  be  random  in  nature,  Wo  Lave  attempted 
to  ’•elate  daily  fluctuations  in  foF2  to  daily  solar  flux  changes  and  the  3-hour  global  magnetic  index  Kp. 
by  statistical  techniques.  Multiple  regression  analysis  of  data  obtained  by  19  Northern  Hemisphere 
vertical-incidence  sounding  stations  during  1961  was  performed.  Hourly  valves  of  fc*F2,  normalised 
to  the  station  mean  monthly  value  at  each  hour,  solar  flux  at  Ottawa  normalized  to  the  monthly  mean 
value,  and  global  Kp  with  a  six  hour  lag,  yielded  statistically  significant  results  for  many  periods 
studied.  The  most  satisfactory  intervals  included  a  winter  daytime  relationship  to  the  solar  flux,  and 
a  summer  daytime  relationship  with  Kp.  The  nighttime  results  were  generally  leas  satisfactory, 
probably  due  to  magnetic  storm  effects.  Of  particular  significance  to  forecasting  is  a  large  monthly 
perturbation  related  to  27  day  periodicities  in  the  10-cm  aolar  flux  (presumably  related  to  the  EiTV 
output).  Sevex-al  other  methods  of  forecasting  foF2  on  a  daily  basis  a  re  compared. 


INTRODUCTION 

Solar  cycle,  seasonal,  diurnal,  and  geographical  variations  of  the  F-region  plasma  frequency 
(foF2)  are  well  documented  and  at  least  partially  understood,  but  the  daily  fluctuations  of  the  foF2 
recorded  at  individual  vertical-incidence  ionosoudes  during  geomagnetically  undisturbed  periods  are 
often  considered  t<;  be  a  purely  statistical  phenomenon.  Yet,  in  previous  synoptic  studies  of  the  iono¬ 
sphere  during  magnetic  storms,  we  have  occasi  mally  oboerved  that  the  pre-storm  ionization  levels  are 
systematically  different  from  their  monthly  median  values.  Since  the  reference  levels  utilized  were 
derived  from  the  monthly-hourly  median  measured  foF2  at  each  station,  the  discrepancy  could  not  be 
ascribed  to  any  prediction  scheme. 

The  solar-cycle  relationship  between  sunspot  number  (or  solar  10-cm  radiowave  flux)  and  the 
region  plasma  density  suggests  a  saturation  effect  at  the  maximum  of  intense  cycles,  while  there  is 
a  general  absence  of  solar  centers -of -activity  during  the  solar  sunspot  minimum.  However,  the 
declining  phase  of  a  aolar  cycle  often  exhibits  large  percentage  changes  in  solar  energy  flux,  related  to 
the  27-day  r  /nodic  rotation  period  of  major  centers  of  solar  activity.  We  chose  to  investigate  the 
relationship  between  daily  values  of  the  10-cm  solar  radiowave  flux  as  measured  at  Ottawa,  and  the 
fluctuation  of  foF2  at  a  group  of  19  stations  in  North  America  and  Europe  during  a  substantial  portion  of 
1961.  Only  a  small  fraction  of  the  computer  processing  output  has  been  seriously  studied,  due  to  the 
usual  time  and  funding  restrictions.  The  initial  results  were  encouraging,  and  this  paper  presents  a 
summary  of  data  for  Washington,  D.  C. 


REGRESSION  ANALYSIS 


The  data  were  cast  in  the  form  of  a  regression  equation. 


where 


X1  =  A2X2  +  A3X3  +  B 


X3  =  Kp  ' 


The  monthly  mean  value  of  the  solar  flux  (0)  observed  at  Ottawa  was  computed,  and  the  daily  fractional 
deviation  X2  utilized  for  all  computations  on  the  specified  day.  The  foF2  mean  is  computed  for  each 
hour  of  the  day  over  the  month  period,  and  the  specific  hour  and  day  are  selected  for  computation  of  the 
fractic"=t  deviation  Xj.  Also  included  in  the  computation  was  the  planetary  magnetic  index  Kp  which 
was  lagged  by  6-hours  to  approximate  the  neutral  air  response  to  transient  heating. 

* 

now  at  American  Science'and  Engineering,  Inc.  ,  Cambridge,  Massachusetts. 


Figure  1  is  a  typical  computer  tabulated  summary  of  the  multiple-regression  program.  The 
mean  value  of  variables  1  and  2  are  essentially  zero  since  they  are  normalized  to  the  monthly  mean, 
while  the  numerical  average  of  the  quantized  values  of  Kp  is  not  very  meaningful  mean  for  variable  3. 
The  standard  deviations  are  shown  in  the  next  column,  and  we  shall  eventually  compare  the  standard 
deviation  of  the  dependent  variable  with  the  standard  error  of  the  estimate.  The  regression  coefficients 
A2  and  A3  and  their  standard  errors  S^2  and  are  shown  along  with  the  computed  value  of  Student' s-t 
distribution.  *  For  the  number  of  degrees  of  freedom  resulting  from  the  ordinary  monthly  sample  of 
about  25  days,  t-values  of  2.  06  and  2,  80  imply  that  the  probability  that  the  regression  coefficients  being 
zero  is  0.  05  and  0.  01  respectively.  In  this  example,  the  probability  that  the  regression  coefficient  A2 
actually  being  zeio  is  less  than  2  percent  (t-value  of  2.  452),  while  a  t-value  of  -0.  *3C  for  the  coefficient 
A3  implies  that  zero  is  as  satisfactory  a  value  as  that  which  has  been  computed.  The  lack  of  correlation 
with  Kp  in  this  example  should  not  be  mistaken  for  a  general  result.  Rather  significant  correlations 
with  Kp  have  been  noted  in  this  study.  The  standard  error  of  the  estimate  is  a  measure  of  the  dispersion 
of  the  data  points  X  j  about  the  regression  line.  In  this  instance  the  standard  deviation  of  the  raw  data 
Xj  is  0. 15746,  while  it  is  only  0. 14104  with  respect  to  the  regression  line.  An  analysis  of  the  variance 
is  also  performed  utilizing  the  F  test  to  estimate  the  validity  of  the  linear  behavior  of  the  data. 1  From 
tables  of  the  distribution  of  F  for  2  and  23  degrees  of  freedom,  we  find  that  for  F  of  3.  42  and  5.  66,  the 
regression  analysis  is  significant  at  the  5  percent  and  1  percent  levels  respectively. 

The  effect  of  the  linear  regression  program  on  the  distributions  is  graphically  presented  in  a 
histogram  (note  that  the  histogram  of  figure  2  is  for  a  different  station  than  that  shown  in  figure  1). 

For  convenience,  the  ordinal  number  12  is  selected  as  zero  and  the  data  are  quantized  in  intervals  of 
0.  05.  The  upper  histogram  is  that  of  Xj ,  the  fractional  fluctuation  of  hourly  values  of  foF2  about  the 
monthly  mean  value,  while  the  lower  histogram  displays  the  residuals  about  the  regression  line.  Each 
asterisk  represents  a  data  point  within  the  class  interval,  and  the  number  in  each  class  is  at  the  top  of 
each  column.  Also  presented  below  each  histogram  is  the  percentage  of  quantized  points  in  intervals  of 
+  0.  05,  +  0.  10  . . .  about  the  mean  value.  This  is  a  measure  of  the  dispersion  of  the  points  from  the 
mean  in  the  first  histogram,  and  from  the  regression  line  in  the  second  histogram.  In  this  instance,  a 
clearly  superior  organization  of  the  data  is  obtained  by  the  regression  analysis;  this  is  visually  apparent, 
but  is  also  manifest  in  a  comparison  of  the  standard  deviation  of  Xj  (0.  121)  with  the  standard  error  of  the 
estimate  (0.  080). 

The  regression  coefficients  derived  for  selected  periods  in  1961  for  Washington,  D.  C.  ,  are 
r-r'mmarized  in  figures  3,  4,  5.  Since  only  a  survey  of  the  possible  results  was  intended,  not  all  hours 
of  the  day  or  months  were  processed.  Values  of  the  linear  regression  coefficients  A2  and  A3,  corres¬ 
ponding  to  the  dependence  of  the  fluctuation  of  foF2  on  variations  in  solar  flux  and  on  the  planetary 
magnetic  index,  Kp,  are  plotted  with  error  bars  extending  to  one  standard  error. 

The  significance  of  the  solar  flux  in  day-to-day  variations  of  foF2  should  be  evident  from  the 
figures.  The  dependence  is  most  noticeable  during  the  winter  and  equinoctal  months,  and  weak  or 
absent  during  the  summer.  A  clear  tendency  exists  in  the  case  of  Kp  for  positive  correlation  in  winter 
and  negative  correlation  in  the  summer  with  a  transition  at  the  equinox.  The  relative  magnitude  of  the 
regression  coefficients  is  misleading;  while  one  expects  a  variation  of  +  0.  20  in  the  solar  flux  variable 
X2  over  a  month,  the  X3  ranges  over  the  Kp  values  of  0  to  9.  As  a  consequence,  magnetic  activity  can 
be  at  least  as  impo  rtant  a  contribution  to  the  variability  as  the  solar  flux. 

An  interesting  result  is  the  correlation  of  foF2  with  solar  flux  levels  even  during  the  nighttime 
hours.  This  is  undoubtedly  an  indirect  result  of  the  changes  in  the  previous  day  thermosphere  tempt  ra- 
ture  and  electron  density.  At  this  juncture,  it  would  be  unwise  to  presume  that  this  is  a  general  result, 
or  that  any  direct  causal  relation  obtains. 

We  attempted  to  identify  other  potential  geophysical  variables  of  significance  by  plotting  the 
residuals  against  suck  parameters  as  the  sum  of  Kp  and  Ap  for  the  previous  6,  12,  18,  and  24  hours, 
resulting  in  reasonably  significant  subjective  correlations,  especially  for  the  longer  sums.  We  were 
not,  however,  able  to  treat  this  portion  of  the  study  in  a  quantitative  manner  as  it  would  have  required 
a  major  revision  of  the  data  merging  program.  A  possible  improvement  in  the  computation  of  the 
mean  value  of  foF2  would  account  for  the  seasonal  trend  in  foF2  since  this  is  related  to  day  of  the  year 
and  not  to  solar  flux.  A  30-day  running  predictor,  based  on  observed  data,  might  be  a  more  satisfactory 
mean,  and  further  reduce  the  residual  scatter. 

PREDICTION  TECHNIQUES 


While  the  establishment  of  a  statistical  correlation  between  solar  «-nd  geophysical  variables  and 
variations  in  the  F-region  plasma  frequency  may  result  in  more  efficient  prediction  of  daily-hourly 
values  of  foF2,  it  cannot  be  assumed  that  it  is  the  only  effective  short-term  prediction  technique.  For 
purposes  of  comparison,  we  tested  several  prediction  methods  and  compared  them  with  the  ESS  A/ IT  SA 
three-month  advance  predictions  for  Washington,  D.  C. ,  for  the  first  and  last  three  (3)  months  of  1961. 
A  total  of  189  sample  points  for  each  curve  of  figure  6  was  obtrined  by  predicting  foF2  every  three  (3) 
hours  of  every  seventh  day  of  the  period  considered.  Tbi  cumulative  percentage  distribution  of  the 
percentage  of  the  test  points  having  percentage  errors  less  than  €  is  a  measure  of  the  efficacy  of  the 
method  considered.  The  most  successful  method  is  the  monthly  multiple  regression,  white  the  ESSA/ 
ITSA  advance  predictions  are  the  least  succesrful.  This  is  not  surprising  since  the  monthly  .-egression 


utilizes  all  of  the  data  for  Jie  month  to  arrive  at  a  prediction,  and  the  average  error  la  zero,  but  the 
ESS  A/ ITS  A  forecast  rr>ay  result  in  a  systematic  er-ov  due  to  errors  in  the  predicted  solar  Hux  value  and 
in  the  prediction  coefficients.  But  the  three-month  in  rdvance  predictions  are  not  expected  to  be  accu¬ 
rate  on  a  daily  basis.  Note  that  the  three-day  running  mean  is  relatively  satisfactory.  This  can  be 
understood  since  the  previous  several  days  reflect,  at  least,  the  influence  of  the  solar  flux  variation. 

The  30-day  running  mean  is  more  satisfactory  than  the  15-day  running  mean,  since  it  effectively 
averages  over  £  whole  solar  rotation 


CONCLUSION 

The  analysis  reported  in  this  paper  suggests  that,  in  addition  to  the  solar  cycle  dependence  of 
foF2,  there  is  a  daily  relationship  with  the  solar  flux  output  as  observed  in  the  10-cm  radiowave 
emissions.  One  should  not  assume  any  necessarily  direct  caused  relationship,  especially  at  night; 
however,  a  correspondence  of  the  daytime  result  with  solar  ionizing  radiations  such  as  EtTY  is  likely. 
The  period  chosen  for  study  was  particularly  fruitful  since  there  were  few  major  centers  of  solar 
activity  and  the  solar  flux  exhibited  marked  27  day  cyclic  tendencies.  The  seaich  for  correlations  at 
other  phases  of  a  solar  cycle  may  be  clouded  by  the  difficulty  in  isolating  seasonal  and  secular  trends. 
The  residual  data  exhibit  the  largest  errors  during  geomagnetically  disturbed  periods.  Hence,  it  may 
be  suggested  that  sorting  of  the  data  by  geomagnetic  activity  indices  prior  to  correlation  analysis  may 
yield  more  stable  results  during  quiet  times,  and  the  geomagnetic  storm  effect  reserved  for  separate 
study. 


REFERENCES 


1.  Tables  far  Statisticians,  H.  Arkin  and  R.  Cotton,  Barnes  4t  Noble,  New  York,  1963. 


31-4 


NUtUPLE  REGRESSION.. .STATION  77  YEAR  I  MONTH  l  HOUR  1700 
SELECTION...  2 


VARIABLE  MEAN 
MO, 

2  -0.00000 

3  2.17923 

DEPENDENT 

1  0.00105 


STANDARD 

OBVIATION 

0.20280 

1.46*31 


CORRELATION 
x  vs  v 
0.50597 
-0.26272 


REGRESSION 

COEFFICIENT 

0.36840 

-0.00894 


STO.  ERROR 
OF  REG.COEF. 
0.15025 
0.02077 


COMPUTED 
T  VALUE 
2.45201 
-0.4303* 


MULTIPLE  correlation 
STO.  ERROR  OF  ESTIMATE 
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Fig. 1  Computer  tabulation  of  regression  analysis 
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ABSTRACT 


Simultaneous  records  of  the  cham  teristic  ft(E>  at  three  stations  have  beeD  digit¬ 
alized  with  24  readings  per  hour.  The  distances  between  stations  were  of  the  order  of 
300  km.  (1)  A  straightforward  cross- correlation  analysis  centered  on  noon  gave  a  wide¬ 
spread  spectrum  covering  the  whole  range  almost  from  to  i-l  for  the  correlation  number 
with  important  day-by-day  changes.  Therefore  the  r.-onthly  median  correlation  is  almost 
zero.  (2)  After  filtering  out  tho  more  persistent  events  those  wore  selected  which 
appeared  at  the  three  stations,  and  the  apparent  motion  <>f  the  ionized  “clouds”  was 
determined.  The  “motion  vectors’’  agree  well  with  the  moethly  E-region  drift  statistics 
obtained  independently  by  local  observations  with  the  Dl-method.  The  conclusion  is  that 
sporadic  E  clouds  seem  to  drift  wi'wh  the  general  circulation  in  the  height  range  where 
they  appear.  As  dl-data  are  Known  to  depend  largely  on  tidal  influences,  correlation  of 
Es -appearance  between  pairs  ot  stations  is  supposed  to  depend  on  the  azimuth  and  the  hour. 
This  finding  could,  eventually,  explain  phenomena  which  have  formerly  been  found  with  vhf 
propagation  tests  during  an  experimental  campaign  in  Europe  named  “Volta”.  It  could  also 
be  used  for  short  term  prediction  of  Es  using  a  knowledge  of  E-region  drifts. 

In  winter  the  same  records  show  series  of  subsequent  days  where  Es  appears  day- by-day 
at  the  same  local  hour  plus  one  hour  per  day.  Increased  absorption  mostly  occurs  at  the 
end  of  such  a  sequence.  This  unexpected  phenomenon  could  be  U30d  for  snort  term  predic¬ 
tions  of  increased  ionospheric  absorption,  at  least  at  subauroral  latitudes  in  winter. 
Different  possibilities  of  explanation  of  the  new  finding  are  discussed. 
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PRECURSOR  EVENTS  TOR  POSSIBLE  FORECASTING  OF  SPORADIC  E  AND 

INCREASED  ABSORPTION 

£.  Harnischmacher  and  K.  Rawer 

A)  POSSIBILITIES  FOR  PREDICTION  OF  SPORADIC  K-APPEARANCE 
IN  SPACE  AND  TIME 


The  well-known  ionization  of  sporadic  E  has  been  demonstrated  in  many  papers  (f.  e.  :  Rawer  1955. 

Smith  1957,  Matsushita  fe  Smith  1962).  The  large  fluctuations  in  particular  of  the  top-frequency 
FEs  arc  mostly  interpreted  as  preventing  any  chance  of  deatil  prediction  for  sporadic  E.  Of  course, 
statistical  predictions  are  possible  and  are  used  in  certain  types  of  prediction  systems,  f.  e.  in  that 
used  by  our  group  since  1943. 

However,  a  new  technique  of  continuous  observation  first  introduced  by  Nakata  (1953)  and  improved  by 
Bibl  (1954)  seems  to  allow  studies  which  have  no*-  been  possible  with  the  old  observational  technique 
based  on  quarterhourl/  ionogramr.  The  following  findings  have  been  obtained  with  this  technique 
usually  called  "recording  of  ionospheric  characteristics",  which  is  continuously  applied  at  FREIBURG 
since  1957  and  -  also  since  many  years  -  at  DOURBES  in  Belgium  and,  for  a  certain  time,  at 
DARMSTADT  Germany. 

1)  Some  regularities  concerning  the  diurnal  appearance  of  sporadic  E. 

The  behaviour  of  sporadic  E  characterized  by  fluctuation  of  the  characteristics  fEs  is  easily  seeu  on 
records  of  the  frequency  range  reflected  from  the  whole  E-region,  a3  shown  f.e.  in  fig.  1  presenting 
six  consecutive  dnys  during  June  1969.  A  quick  overlook  shows  without  going  into  the  details  that  there 
is  a  certain  regularity  in  the  appearance  of  strong  sporadic  E  in  so  far  as  certain  columns  appear  when 
the  diagrams  are  ordered  by  day  after  the  he  The  "columns"  have  a  tendency  to  be  inclined  on  the 
diagram  so  that  their  ascent  is  shifting  from  e,  to  day  a  time  between  1/2  and  one  hour.  This  shifting 
has  different  sense  for  the  morning  and  the  afternoon  maximum  in  the  sense  that  the  morning  maximum 
is  displaced  towards  later  hours  while  the  afternoon  maximum  is  displaced  towards  earlier  hours. 

We  have,  many  examples  of  thr  s  kind,  and  we  ieel  that  this  is  a  very  frequent  case  of  quasi -periodicity 
with  systematic  time  shifts. 

As  to  periodicity  we  should  yet  state  from  fig  1  that,  seeu  ever  all,  some  tendency  for  a  roughly  semi¬ 
diurnal  maximum  of  appearance  cannot  be  overlooked.  This  is  more  clearly  seen  from  fig.  2  which  is 
bused  upon  the  same  type  of  records  as  shown  in  fib,  1.  In  the  upper  part  we  consider  a  sequence  of 
seven  days  in  July/ August  1962.  It  appears  clearly  that  sporadic  E  is  more  frequent  in  the  evening  and 
near  sunrise  while  it  is  less  important  near  noon  and  midnight. 

The  co  nclusion  is  that  sporadic  E  at  temperate  latitudes  has  a  tendency  to  appear  with  a  quasi  period  of 
about  lib  and  that  systematic  phase  shifts  occur  with  periods  of  the  order  of  a  few  days. 

2)  Comparison  of  the  appearance  of  Es  stations  distant  by  a  few  hundi od  kilometers . 

We  have  recordings  of  the  same  type  for  a  few  years  obtained  at  the  three  stations  DOURBES. 
CRUMolADT  (near  Da.ntstadl)  and  FREIBURG,  The  distances  between  stations  range  from  206  to 
350  tun  (fig.  6).  The  low  er  part  of  fig.  2  shows  records  obtained  at  two  of  these  stations,  DOURBES 
and  FREIBURG,  i.i  June  5961  It  is  quite  cle  .r  that  the  individual  features,  in  particular  quick  changes, 
art  oftei.  different  at  both  stations.  Thi3  is  the  reason  why  the  direct  correlation  technique  could  not 
give  a  hopeiul  answer  (Rawer,  i960),  it  is,  however,  seen  that  the  gioss  features  art  quite  similar  at 
both  stations  so  that  one  ran  qu'te  v'ell  identify  periods  of  enhanced  sporadic  E  and  c.'en  certain 
features  with  time  constants  of  tbs  order  of  one  hour. 

This  is  f.e.  seen  very  well  during  the  night  oi  25/26  June  where  blocks  of  rather  short  (quart ei hour. y» 
duraticn  can  be  identified  at  both  station*.  It  is  important  that  this  identification  is  obtained  with  time 
shiRs  of  the  order  of  1. . .  2h. 


We  have  5n  our  data  many  cases  which  are  similar  in  character  The  time  shi't  reveals  a  clear 
tendency  of  sporadic  E  to  appear  Jater  a.  FREIBURG  than  at  DOURBES.  This  means  that  the  cause  of 
the  event  could  be  displaced  i:i  a  north -sorth  direction  with  a  velocity  of  the  Older  of  50. . .  100  m/ sec. 
it  seems  worthwhile  to  note  tnat  in  a  very  early  ionospheric  paper  A3CEENBRENNER  (1939)  from 
fixed  frequency  observations  concluaed  that  sporadic  E  had  a  motion  from  north  to  south. 

A  comparison  b-tween  CP UMSTADT  and  FREI3URG  which  are  distant  by  210  dm,  almost  north-south, 
is  shown  in  ng.  3  lelt.  It  appears  lure  that  the  variations  at  both  stations  often  have  a  great  similarity, 
but  at  occasions  it  is  difficult  to  identify  the  small  short  term  features  at  both  stations.  In  this  c.,,c 
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the  typical  time  olfference  is  one  ur.ur  which  gives  us  as  apparent  displacement  velocity  of  58  nt/ 3ec. 

We  have  used  these  records  (aft*-r  smoothing  £or  short  term  features)  to  determine  an  apparent  drift 
vector  in  the  triangle  mentioned  a  cove. 

An  example  is  shown  in  fig.  3  right.  The  resulting  apparent  velocity  goes  to  an  azimuth  of  150°  with 
80  m/sec.  We  have  many  examples  in  our  record  where  these  can  really  be  used  to  deduce  an  apparent 
velocity  vector  fot'  the  sporadic  E  phenomenon, 

In  Jig.  4  we  have  given  the  results  of  such  determinations  during  the  months  of  August  and  December 
1986.  The  so  determined  polar  coordinates  of  the  drift  vector  arc  given  as  dots..  The  characteristic 
average  behaviour  of.  ionospheric  arift  i.i  the  E-region  as  determined  at  FREIBURG  by  tne 
KRAUTKRAMEF  (1943)  method  is  shown  by  cross -marked  lines.  It  is  quite  striking  that  most  dots  are 
quite  near  to  these  lines,  while  they  have  been  determined  with  a  completely  different  technique  and  in 
different  yearr . 

Another  set  of  observations  has  been  obtained  by  Becker  and  his  colleagues  (1964)  with  5  mii-ionogram 
observations  at  3  stations  in  northern  Germany,  the  geometry  of  which  is  presented  in  tig.  6  r Iso. 

We  have  also  used  some  of  the  data  assembled  during  these  experiments  in  order  to  determine  apparent 
Fs -drift  vectors.  An  example  including  the  identification  of  the  most  important  features  is  shown  in 
fig.  5.  Apparently  two  different  drift  conditions  seem  to  coexist  here,  one  going  towards  210"  and  ano 
another  one  going  towards  30*  of  azimuth.  Roughly  semidiurnal  periodicity  appears. 

The  conclusion  is  that  systematic  sporadic  E  conditions  over  Europe  are  often  Displaced  between 
stations  in  a  way  which  is  very  similar  in  azimuth  and  speed  to  the  lading  drift  as  in  '.he  E-regiou. 

3)  A  model  explaining  the  observed  features. 

We  feel  that  a  provisional  explanation  could  be  obtained  If  the  similarity  with  ionospheric  drifts  is  taken 
as  a  serious  feature  of  sporadic  E.  Ip  this  case  the  corditiona  for  the  production  of  cporadic  E  should 
be  related  with  motions  of  "air  masset,",  thus  "going  with  the  wind". 

In  fig.  6  we  hove  tried  to  give  an  interpretation  of  some  of  our  observations  in  terms  of  such  motion. 

As  there  is  a  quasi -periodicity  of  the  order  of  I2h,  one  could  think  that  the  Es  motion  follows  a  closed 
curve  as  it  should  be  with  tidal  motions.  The  diameter  of  such  a  closed  curve  could  he  of  the  order  of 
several  hundred  to  100  km.  A  first  explanatory  model  has  been  given  in  fig.  6  and  the  corresponding 
"periodical  clock"  is  shown  aside,  for  a  typical  case  observed  with  the  triangle  DOURBES  -  CRUMSTADT- 
FRE1BURG.  If  such  systematic  motions  of  conditions  needed  for  the  production  of  Es  do  appear,  they 
could  explair  the  observed  features  viz,  the  meteorological  character  and  the  quasi- periodical  behaviour 
of  Es  at  the  same  time.  If  this  hypothesis  proves  to  be  true,  it  could  certainly  be  used  for  short  term 
prediction  of  increased  sporadic  E. 

1.  At  a  given  point  from  observations  of  other  stations  distant  by  a  few  100  km, 

2.  for  a  given  time  by  using  the  quas e-periodicity  at  a  set  of  stations. 

3)  POSSIBILITIES  FCR  PREDICTION  OF  INCREASED  IONOSPHERIC  ABSORPTION 

With  the  same  technique  of  chai  act  eristics  recording  we  now  also  analyze  the  characteristic  fmiu 
identifying  absorption  in  the  lower  ionosphere.  While  this  work  is  in  progress  we  have  been  looking 
for  other  absorption  data.  Our  own  noon-observations  at  FREIBURG  using  a  multi-frequency  A1  -method 
will  be  discussed  in  a  separate  paper.  On  the  ether  side  a  long  series  of  A3 -observations  on  an  effective 
frequency  of  about  2  MHz  has  been  n  vie  at  UNDAU  by  SCHWENTEK  (1958).  These  observations  have 
the  advantage  of  being  made  continuous,  during  daylight  hours.  We  have  deduced  from  Scb’ventek1  s 
curves  representative  noon  value  avoiding  SID-effects. 

The  dependence  on  solar  activity  has  been  studied  with  the  superposed  epochs  method  usmg  relative 
minimum  values  of  the  Zurich  sunspot  number  as  reference. 

1)  Relation  De tween  ionospheric  absorption- and  solar  activity 

Fig  7  obtained  with  the  19C7  ..seasureirsents  shows  that  the  observed  absorption  A  has  a  minimum  at 
the  same  time  with  sunspots,  fhiu  is  best  seen  by  decomposing  the  A  curve  into  a  smoothed  curve 
corresponding  to  z.  harmonic  27  days  component  (6  a  1),  and  the  rest  {£>  A  2).  For  comparison  In 
fig.  7  the  corresponding  curve  of  solar  radio  nci’i  Gux  is  given  for  6  different  frequencies.  On  fre¬ 
quencies  higher  than  1  GHz  vhe  variation  is  sensibly  similar  to  that  obtained  with  the  sunspot  oumbei  s. 

The  first  conclusion  obtained  from  -  A,  io  that  ahourption  follows  the  ?7  da.v  period  without  delay. 

This  is  in  s.greement  with  earlier  foundings  of  JLaNGEHESSE. 


Now  looking  for  the  remaining  component,  4A  i,  it  appears  that  in  196?  there  wao  a  tendency  for 
rather  rejru’ar  variatio.13  within  a  week,  roughly,  which  variations  appear  alsc  In  the  daily  magnetic 
disturbance  character,  E  Kp.  There  is,  however,  a  time  delay  of  a  few  days,  two  to  four  in  the 
average.  We  htve  evidence  that  this  consistent  behaviour  is  related  with  the  pattern  of  ♦he  solar  wind 
existing  anting  196?. 

Thr  ponclu3ion  i>j  -hat  both,  tfc*  -nai<i: * *lc  dict  »rb-_n -  character  »»•*.  *7\n  fluctuations  of  absorptive.,  are 
related  to  this  pattern,  *he  ettecl  0.1  absorption  being,  however,  delayed  against  that  on  the  magnetic 
disturbance  by  a  few  days. 

2)  Seasonal  variations  of  absorption. 

With  the  A3-  data  of  '.NUAU  the  seasonal  variation  of  aosorp.icn  ho s  beer?  studied  using  monthly 
mean  values  for  6  years.  The  years  h.we  been  chosen  in  a  way  to  distinguish  between  sunspot  maximum 
(1957  and  1961),  average  solar  activity  (1962  and  196?)  and  minimum  solar  activity  (1964  and  1965).  In 
fig.  8  it  is  seen  that  the  seasonal  variation  is  extremely  small  in  years  of  maximum  solar  activity  but 
’t  becomes  more  proiicunc ed  with  decreasing  sunspot  number.  Oaring  the  solar  minimum  a  clear 
variation  with  cos  X  is  obtained  from  March  through  Octobei;  during  winter  the  now  well-known 
winter  anomaly  of  absorption  (DIEMINGER)  gives  us  higher  values  with  a.  maximum  in  January  much 
higher  than  the  summer  values.  *-Vith  average  sunspot  numbers  some  ancmalies  appear  during  summer 
whore  higher  values  are  seen  in  May  and  September.  The  winter  anomaly  appears  similar  in  ratio  as 
before.  It  has  been  studied  in  detail  by  SOIiV'EMTEK.  However,  for  really  g: eat  solar  activity  a 
"saturation"  effect  seems  10  be  producer,  so  that  lone  of  the  variations  menaoned  before  appears  clearly, 
even  the  winter  anomaly  being  reduced  to  a.  email  increase  only. 

The  conclusion  *s  that  solar  maximum  data  must  be  considered  separately  and  not  be  confused  with 
absorption  data  obtained  at  lower  solar  activity.  If  one  takes  all  data  together,  a  clear  seasonal  effect 
might  be  smooth**!  out  by  the  differences  in  behaviour  obtained  at  different  phases  of  tho  solar  cycle. 

3)  Seasnoal  effects  in  »he  relation  retween  absorption  and  magnetic  disturbance  charafcter. 

In  order  to  siudy  this  effects  superposed  epochs  diagrams  have  been  established  month  by  month  for 

the  yexrs  1962  through  1968.  Amongst  threse  years  two  classes  of  solar  activity  have  been 

distinguished,  namely: 

maximum  activity  (1966  through  1968), 

low  activity  (1964  and  1965). 

The  diurnal  sum  of  Kp  has  been  used  as  indicator  element,  maxima  of  this  disturbance  figure  being 
taken  as  reference.  The  corresponding  mean  variation  of  absorption  is  shown  in  the  upper  parts  of 
fig-  9. 

There  appears  a  clear  diffeience  between  summer  and  winter  conditions.  During  the  period  March 
through  August,  the  magnetic  effect  upor  absorption  is  quite  small.  There  is,  however,  a  tendency 
in  most  months  for  absorption  to  increase  aitei  a  maximum  of  E  Kp  fi  winter  a,  very  large  increase 
o'  absorption  comes  after  a  maximum  of  E  Kp  with  a  delay  of  about  wo  to  four  days,  as  yec  shown  in 
fig.  7.  Exceptionally  strong  effcctc  are  founa  in  September  and  December.  (It  mmt,  however,  be 
3tated  that  the  magnetic  disturbances  also  occur  more  otter  in  September). 

The  conclusion  is  that  a  high  sensitivity  of  absorption  to  the  magnetic  aisturoance  character  exists, 
preferentially  in  winter,  with  increased  absorption  a  few  days  alts:  ‘b:  magnetic  disturbance. 

4)  Solar  radio  noise  flux  effects. 

With  maxima  ot  solar  fulx  on  169  MHz  as  observed  at  NANCAY  a  superposed  epochs  study*  has  been 
made  for  winter  months  of  the  years  1966  and  >967  great  solar  activity.  Fig.  10  shows  that  each  curve 
for  an  individual  month  has  a  clear  minimum  almost  coincident  with  the  maximum  of  169  MHz  solar 
radio  noise.  Thus  absorption  and  169  MHz  radio  noise  are  inversely  correlated.  The  lowest  diagram 
shows  the  magnetic  character  to  be  only  slightly  related  with  169  MHz  noise  but  in  the  sense  of  a 
positive  correlation. 
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ABSTRACT 


In  order  that  ta  ionospheric  forecasting  system  be  applicable  during  magnetic  storms, 
knowledge  of  the  changes  in  height  and  exit  (cal  frequency  of  the  P- layer  mu3f  be  acquired. 
One  possibility  is  to  study  «RW  for  a  given  range  as  a  function  of  a  magnetic  index.  Ti.e 
study  of  MOP  will  take  into  account  both  height  and  electron  density  changes.  A  second 
possibility  is  to  study  electron  density  profile  changes  during  magnetic  storms  and  by 
ray  tracing  tbrorgn  the  disturbed  and  undist.  rbed  ionosphere,  the  effects  of  ionospheric 
changes  assoc:  ated  with  magnetic  storms  can  be  determined. 

I  selectee  the  second  approach  Ray  tracing  was  performed  for  both  a  1  and  2  hop  P 
propagation  path  using  magnetically  quiet  and  disturbed  electron  density  profiles  obtained 
from  four  locations  ‘dong  the  75°W  meridian  (Washington,  Jamaica.  Grand  Bahama  Island, 
and  Bogota),  The  electron  density  profiles  were  obtained  from  a  true  height  analysis 
using  hourly  jonogrems  for  selected  time  periods.  Each  time  period  consisted  of  3  to  4 
days  around  a  magnetic-  storm.  The  results  are  compared  with  those  obtained  by  using  the 
ionograms  and  transmission  curves. 

An  example  of  the  changes  that  occur  is  illustrated  by  the  effect  of  a  Sudden  Conmern,e- 
ment  magnetic  storm  beginning  at  1602  EST  on  9  February  1562.  Several  hours  later  the 
height  of  the  F-layer  at  Washington  increased  by  75  -  200  km  and  foP2  increased  by  50%  as 
compared  to  the  previous  magnetically'  quiet  day.  The  effect  of  these  two  changes  was  to 
increase  the  MOP  by  i  -  2  MHz  (depending  on  ground  range);  whereas,  if  it  was  assumed  that 
just  tbs  critical  frequency  changed  the  MRP  would  increase  by  3  -  4  MHz  (depending  on 
ground  range). 

Ray  tracing  through  various  stages  of  otnei  Ionospheric  disturbances  (during  several 
magnetic  storms)  and  comparison  with  quiet  dey  propagation  path  will  demonstrate  ci  i 
effects  of  magnetic  storms  upon  ionospheric  forecasting  system s  and  lead  tc  a  bett,: 
unde  •'standing  of  hew  to  make  better  use  of  the  available  frequency  spectrum  during 
magnetically  disturbed  tines. 
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Introduction 


For  mid-latitude  stations  the  majority  of  the  propagation  changes  during  disturbed  con¬ 
ditions  can  be  attributed  to  F  region  changes  during  magnetic  storms.  Much  of  the  emphasis 
in  discussing  storm  effects  has  been  placed  upon  either  statistical  studies  or  synoptic  mapping 
of  ionospheric  parameters  such  as  foF2.  Studies  of  this  type  neglect  the  height  changes  that 
occur  during  magnetic  storms.  Several  workers  (Becker,  1964;  Thomas  &  Robbins,  1958) 
have  investigated  eiectron  density  profiles  during  magnetic  storms  for  a  single  station  and 
have  shown  that  the  largest  height  increases  occur  during  the  night  hours.  A  multiple  station 
analysis  has  been  done  by  Rajaram  and  Rastogi  (1968)  although  only  for  midday,  and  only 
average  profiles  were  shown.  A  multiple  station  analysis  by  Somayajulu  (1963)  similar  to  the 
study  discussed  here  was  conducted  for  three  severe  magnetic  storms  in  1957-58.  The  height 
changes  were  typically  observed  on  the  first  day  of  the  storm,  and  an  inverse  correlation 
cotwean  height  and  electron  density  was  seen.  Because  the  study  was  limited  to  1957-58  sun- 
soot  nanmum,  an  additional  multiple  station  analysis  by  this  author  was  conducted  for  medium 
and  lov  sunspot  numbers. 

A  scudy  of  the  latitudinal  (75°  W.)  and  diurnal  variation  of  electron  density  changes  during 
magnetic  storms  was  performed.  This  involved  true  height  analysis  of  hourly  ionograms  for 
75°  W.  meridian  ionosonde  stations  for  several  days  surrounding  the  occurrence  of  magnetic 
storms.  In  order  to  evaluate  the  importance  of  storm  induced  electron  density  changes  on  HF 
propagation,  ray  tracings  will  be  shown  for  several  cases  which  illustrate  the  disturbed 
behavior.  Profiles  from  Washington,  Grand  Bahama  Island  (GBI),  Jamaica,  and  Bogota  were 
used  to  produce  the  latitudinal  versus  height  (two-dimensional)  electron-density  distribution 
necessary  for  the  Snell's  law  ray  traci  ?g  program. 

Magnetic  Storm  Effects 

Figure  1  shows  a  plot  of  hmF2  (height  of  foF2)  and  foF2  vs.  EST  for  Washington,  for  four 
days  in  February  1963.  A  Sudden  Commencement  magnetic  storm  began  at  1602  EST  and  had 
a  maximum  Kp  value  of  6  (8  February  1963  was  one  of  the  quietest  days  of  1963).  The  dashed 
line  on  the  first  day  of  the  foF2  scale  is  the  monthly  median  foF2  tor  that  sta  lea.  Shortly 
after  the  start  of  the  storm  an  increase  of  75-100  km  in  hmF2  and  1-2  MHz  ;n  foF2  was 
observed  as  compared  to  the  previous  quiet  day.  The  increase  in  hmF2  was  also  observed  at 
GBI  and  Jamaica,  with  the  largest  height  change  observed  at  Jamaica,  although  there  wai  little 
change  in  electron  density  at  this  station.  The  daytime  results  at  Washington  show  a  decrease 
in  electron  density,  GBI  showed  no  change,  and  Jamaica  showed  an  increase  in  foF2  during 
this  period.  Before  discussing  the  results  of  the  .:ay  tracing,  additional  storm  studies  at 
Washington  will  be  mentioned  to  indicate  that  the  results  just  described  are  typical  for  magnet¬ 
ically  disturbed  periods.  (Since  only  a  limited  amount  of  the  results  from  this  study  can  be 
shown  here,  we  refer  the  interested  reader  to  a  more  comprehensive  report  in  preparation 
under  the  supporting  contract. ) 

Figure  2  shews  hmF2  and  foF2  for  Washington  for  five  days  in  March  1961.  A  GC  magnetic 
storm  occurred  at  1600  EST  on  5  March  1961  vith  a  maximum  Kp  of  7  at  1800  EST.  A  100  km 
height  increase  m  hmF2  was  observed  that  night,  with  foF2  showing  a  very  sharp  decrease  at 
2000  EST.  The  foF2  remained  high  for  several  hours  past  the  usual  sunset  decline  and  then 
dropped  suddenly  at  2000  EST,  although  in  this  case  the  height  remained  at  its  high  value  until 
sunrise.  The  daytime  shows  a  decrease  in  foF2  with  little  height  change  being  observed. 

Figure  3  illustrates  the  effect  of  a  June  1963  magnetic  storm  which  began  at  1200  EST  with 
a  maximum  Kp  of  7  occurring  at  2100  EST.  Note  the  height  increase  (25-50  km)  beginning  at 
1400  EST  and  lasting  throughout  the  night,  with  an  increase  in  critical  frequency  (***3  MHz) 
between  1503-1900  EST.  Mo  decrease  in  foF2  is  observed  during  the  daytime  following  the 
storm. 

Propagation  Cianges  During  Magnetic  Storms 

For  illustrative  purposes,  ray  tracings  will  _>e  shown  for  1200  EST  and  2000  EST  during 
the  February  1963  magnetic  storm.  Selected  elevation  angles  and  frequencies  were  chosen 
and  rays  were  traced  for  a  one  hop  F  mode  (maximum  range,  4000  km).  The  ground  range 
as  a  function  of  ta!-  'off  angle  was  plotted  parametrically  in  frequency,  and  from  these  plots 
the  MUF  as  a  function  of  ground  range  was  determined.  Figure  4  shows  the  latitudinal  profiles 
of  plasma  frequency  (MHz)  at  2000  EST  for  b  and  9  February  1963.  (hmF2  is  shown  by  a 
dashed  line).  The  transmitter  is  assumed  to  be  located  at  0  range,  and  the  location  of  each 


station  as  t*  function  of  range  from  the  transmitter  is  indicated.  The  effect  of  the  storm  at 
this  time  is  aa  increase  in  height  70  km  -  100  km,#Uh  a  1.5  MHz  inc  -ease  at  Washington  and 
GB-  but  little  change  in  plasma  frequency  at  Jamaica  sad  Bogota.  K  is  interesting  to  note 
that  tho  effect  of  the  sir>rm -induced  height  change  was  to  make  the  disturbed  ionosphere  more 
concentric  that  the  quiet  ionosphere. 

In  order  to  evaluate  the  effect  of  height  changes,  the  profiles  at  2000  EST  were  artificially 
reduced  in  height  by  70  km  so  as  tc  approximate  the  height  cf  the  quiet  ionosphere.  Figure  5 
shows  the  latitudinal  profile  at  ?,000  EST  for  8  February  1963  and  the  artificially  reduced  layer 
height  for  9  February  1963  ax  2C00  EST.  Figure  6  chows  the  MliF  as  a  function  of  ground  range 
for  the  different  nighttime  ionospheres.  The  results  for  the  disturbed  day  {9  February  1963) 
shows  an  increase  of  i.5  MKz  (at  1000  km  range)  to  3  MHz  (at  3000  km  range)  over  the  quiet 
day  value.  When  the  same  rays  were  traced  through  the  artificially  lowered  disturbed  profile, 
the  MUF/range  curve  (indicates  in  the  figure  as  A-9  February  1963)  shows  an  increase  of 
3.5  MHz  (at  1000  km  range)  to  5  MHz  (at  3000  km  range)  over  the  quiet  day  observation.  Thus, 
if  only  the  foF2  changes  were  assumed  to  occur,  then  the  predicted  MUF  would  be  an  over 
estimate  of  2  MHz  (at  1000  km  range)  to  3  MHz  (at  3000  km  range). 

To  further  illustrate  this,  if  it  is  assumed  that  there  is  no  change  in  the  height  of  the  iono¬ 
sphere,  the  percentage  deviation  of  disturbed  MUF  from  quiet  MUF  can  be  related  to  the  per¬ 
centage  deviation  of  quiet  from  disturbed  values  of  foF2,  that  is: 

(l)  MUFd  -  MUFQ  *oF2d  -  foF2Q 

MUFq  foF2Q 

where 

MUFjj  is  disturbed  MUF 
MUFq  is  quiet  MUF 
0)F2;-;  >  disturbed  f^Z 
£oF2q  is  quiet  foF2 

From  Eq.  (1),  MUr'jj  can  be  related  to  known  quantities. 


(2) 


MUFd  = 


foF2D  .  foF2Q 
foF2Q 


MUFq  +  MUFq 


In  the  first  example,  foF2Q  =  2.  50  MHz,  foF2p  =  4.  0  MHz.  The  results  for  this  approach  are 
shown  as  the  MUF-predicted  curve  in  Figure  6,  and,  as  observed,  they  agree  rather  yell  with 
the  results  obtained  by  artificially  lowering  the  disturbed  ionosphere.  This  indicates  that  if  no 
height  change  is  assumed,  foF2  is  a  useful  parameter  in  predicting  MUF’s  during  magnetic 
storms.  This  result  is  obvious,  but  as  we  have  shown,  height  charges  do  occur,  and  therefore 
the  effects  of  changes  both  in  height  and  foF2  have  to  be  considered. 

It  is  important  to  realize  that  the  actual  ray  tracing  was  performed  through  a  two 
dimensional  ionosphere  in  height  and  latitude.  Thus,  the  effect  of  the  small  latitudinal  gradient 
is  included  in  the  ray  tracing  results.  In  cases  where  large  gradients  occur,  rays  at  particular 
takeoff  angles  may  experience  trapping  or  ducting  to  various  extreme  ranges  in  the  ionosphere. 
This  ducting  is  not  a  predictable  effect,  and  since  it  does  not  exhibit  a  consistent  or  patterned 
behavior,  it  will  not  be  discussed  here. 

As  mentioned  previously,  the  alternative  to  true  height  analysis  in  determining  the  effect 
of  height  changes  on  propagation  conditions  is  to  use  the  MUF  (3000)  and  correlate  this  with 
magnetic  indices.  The  MUF  inherently  contains  hmF2  and  foF2  changes.  A  transmission 
overlay  for  1000,  2000,  3000,  and  4000  km  ranges  was  obtained  for  the  Washington  ionograms 
(Davies,  1969).  Since  the  midpoint  of  all  these  paths  is  between  Washington  and  GBI,  and  at 
this  time  Washington  and  GBI  have  the  same  electron  density  profile,  the  Washington  ionogram 
was  chosen  to  represent  this  path.  The  solid  dot  shows  the  results  of  the  transmission  curve 
for  8  February  1963  which  agree  very  well  at  all  ranges  with  the  results  obtained  from  ray 


tracing.  The  asterisks  are  the  results  using  the  9  February  1963  2000  EST  ionograms, ai;d 
these  show  agreement  with  ray  tracings  only  at  1000  and  2000  km  ranges,  but  an  increasing 
error  with  increasing  range:  l  MHz  at  3000  km  and  2  MHz  at  4000  km. 

A  possible  explanation  oi  this  behavior  is  that  under  the  assumption  of  thick  curved 
ionosphere  the  secant  law  is  written  as:  f0(j  =  fv  sec  0r;  (where  fo],  is  oblique  frequency, 
fv  is  vertical  frequency  and  0-  is  angle  between  continuation  of  unrefracted  rays  and  radius 
vectors  at  reflection  height  h).  For  the  thin,  flat  ionosphere  the  angle  0O  is  independent  of 
height  oi  reflection,  where  in  the  thick  curved  ionosphere  0r  depends  on  level  of  reflection 
and  thus  on  the  particular  electron  density  profile.  The  overlay  of  a  thick  ionosphere  is  con¬ 
structed  assuming  that  sec  0r  =  ksec  0O  where  the  k-factor  is  calculated  for  model  ionospheres 
(Davies,  1969).  Thus,  the  overlay  for  the  corrected  secant  lav/  when  used  with  typical  h'f 
profiles  will  produce  equivalent  results  to  ray  tracing.  However,  when  using  disturbed  iono- 
grams  the  changes  in  h'f  curves  are  not  indicative  of  changes  in  disturbed  N(h)  profiles 
(Thomas  and  Robbins,  1958),  and  the  results  using  a  corrected  secant  law  which  are  based 
upon  model  ionospheres  are  not  applicable.  Admittedly,  the  results  shown  are  based  on  a 
very  restricted  sample  of  data,  but  the  k  factor  is  determined  from  model  ionospheres  and 
our  results  indicate  that  care  must  be  exercised  when  using  an  overlay  methoa  based  on  model 
ionospheres  to  deduce  MUF  changes  during  disturbed  conditions. 

The  second  ionospheric  change  during  a  magnetic  storm  is  a  decrease  in  electron  density 
with  little  change  in  height.  Figuie  7  shows  the  contours  of  plasma  frequency  for  the  disturbed 
day  (10  February  1963)  and  quiet  day  (9  February  1963)  for  1200  EST,  At  Washington  and  GBI 
the  plasma  frequency  i'  decreased  by  1.4  and  0.4  MHz,  respectively.  Figure  8  shows  the  MUF 
as  a  function  of  range  lor  the  one  hop  F  mode  during  the  period.  The  solid  dots  represent  the 
results  of  a  transmission  overlay  on  the  Washington  ionogram  for  8  February  1963.  For  the 
quiet  midday  ionogram  the  transmission  overlay  gives  MUF  values  which  agree  rather  well 
with  those  obtained  from  ray  tracing. 

The  disturbed  MUF  is  depressed  0.  8  MHz  at  1000  km  range  and  3.4  MHz  at  3000  km  range 
compared  to  the  quiet  day  values.  The  MUF-predicted  values,  based  on  the  percentage 
difference  of  the  quiet  foF2  from  the  disturbed  foF2,  agree  rather  well  at  long  range  (<  15  MKz 
a:  i-ange  >  2500  km}  bui  are  xn  ei  rcr  as.  short  ranges.  The  letters  W  and  G  indicate  the  values 
of  MUF  obtained  for  a  transmission  overlay  on  the  disturbed  ionograms  for  Washington  and 
Grand  Bahama  Island  respectively.  This  was  done  because  (see  Figure  7)  the  effect  of  the 
storm  on  10  February  1963  at  0000  EST  is  to  make  the  ionosphere  non-coneentric  between 
Washington  and  GEI, where  the  control  pcints  lie  for  the  ranges  of  interest.  At  a  range  of 
1500  km  Washington  is  the  control  point  and  at  3000  km  GBI  is  the  control  point.  The  trans¬ 
mission  curve  values  for  Washington  are  below  the  ray  tracing  values  at  all  ranges;  this  could 
be  due  in  part  to  the  non-concentricity  of  the  ionosphere  between  Washington  and  GBI.  (If  this 
were  totally  true  then  the  overlay  at  Washington  should  be  applicable  at  1000  km  ranye,  where 
in  fact  we  find  a  2  MHz  difference  between  the  ray  tracing  and  overlay  values.)  The  values 
obtained  using  the  G3I  ionograms  are  close  to  actual  values  at  close  range,  even  though  GBI 
is  not  the  control  point  for  these  ranges.  Whereas  at  long  ranges  where  GBI  should  be  the 
control  poi.it,  the  overlay  MUF  is  2-3  MHz  in  excess  of  the  ray  tracing  values.  This  indicates 
that  the  use  of  h'f  curves  at  Washington  and  GBI  with  simple  transmission  curves  gives  incon¬ 
sistent  results.  Thus  apart  from  knowledge  of  tilts  obtained  with  electron  density  profiles  at 
separate  locations,  the  h'f  changes  at  different  locations  are  not  related. 

Summary 

The  occurrence  of  magnetic  storms  produces  height  and  electron  density  changes,  both  of 
which  affect  propagation  of  hf  radio  waves.  Thus  knowledge  of  both  height  and  electron  density- 
changes  is  required  in  order  to  predict  propagation  during  storm  conditions.  Comparisons  were 
made  between  MUF  vs.  range  curves  derived  from  Snell's  law  ray  tracing  and  from  a  trans¬ 
mission  overlay  applied  to  a  vertical-incidence  control  ionogram,  in  oraer  to  determine  if  h'f 
curves  could  provide  useful  information  during  disturbed  conditions. 

Because  h'f  charges  during  disturbed  conditions  are  not  simply  related  to  electron  density 
profiles,  the  two  methods  show  dissimilar  results,  especially  at  long  ranges.  In  addition,  the 
overlay  method  does  not  take  into  account  even  small  tilts  in  the  ionosphere.  It  appears  that 
even  the  use  of  a  parameter  such  as  MUF  (3000).  which  appears  to  include  both  height  and 
electron  density  changes,  is  suspect  to  errois  due  to  the  assumption  made  ir<  using  a  trans¬ 
mission  curve  to  obtain  these  values.  Changes  in  foF2,  when  used  as  a  parameter  to  deduce 
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change*  ia  M'flF'i,  ignore  height  change*  that  occur,  and  even  if  the  height  does  not  change 
appreciably  (e.g. ,  midday  observation)  the  use  of  foF2  can  lead  to  errors  at  small  and 
intermediate  range*. 

In  order  to  know  height  as  well  as  electron  density  changes  electron  density  profiles 
are  required,  and  at  several  locations,  so  as  to  obtain  some  knowledge  of  the  tilt*  that  are 
occurring.  Because  of  the  variability  that  occur*  from  storm  to  storm,  a  real-time  sensing 
of  the  medium  might  be  required  to  provide  boundary  values  for  the  ionospheric  model  chosen 
during  disturbed  periods. 
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Figure  5:  Latitudinal  profiles  of  plasma  frequency  (MHz)  for  8  and  9  February  1963 

el  2000  EST.  9  February  1963  profile  is  adjusted  to  be  approximately  the 
same  height  as  the  8  February  1963  profile. 


F'gure  6:  MUF  (MHr)  vs.  range  (kun)  for  one  hop  F  mode  r.a  det»-*mjied  cy  ray 

tracing  through  profiles  sho'vn  in  Figures  1  an--  5.  In  addition,  values 
of  MUF  obtained  from  predicted  MUF  aid  trans.'.unsicn  overlay  are  also 
indicated.  (Solid  dots  for  £  February  1 96 J.  and  asterisks  for  9  F?b:wziy  196J 
transmission  overlay  values  'tsing  Washington  ionograms) 
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Figure  7:  Latitudinal  profiles  of  plasma  frequency  (MHz)  for  9  and  10  February  1963 

at  1200  EST.  10  February  1963  is  the  magnetically  disturbed  profile. 
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Figure  8:  MUF  (MHz)  vs.  range  (km)  for  one  hop  F  mode  as  determined  by  ray 

tracing  through  profiles  shown  in  Figure  8.  In  addition  predicted  MUF 
and  value  of  MUF  obtained  for  transmission  overlay  are  also  indicated. 
(Solid  dots  for  9  February  1963  Washington  ionograms  and  Wand  G  for 
10  February  1963  values  using  Washington  and  Grand  Bahama  Island 
ionog  i  am* ,  re  spectively. ) 
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otar  a  1900  ke  path  olth  a  theoretical  prediction  program  Including  dttocussing  offoett,  the  teasure* 
sent  of  tho  distant  ogulvalont  vortical  lonograa  by  ground  backscattor  tochnlguos  Involving  vortical 
trlangulatlon,  tho  prediction  of  lonograas  and  tho  prediction  of  anoialous  transegusterlal  radio  nave 
propagation. 
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The  Ionospheric  S'.uoles  Group,  5,  ice  Physics  ling, 
leapons  Research  Establishment  hat  a  programme  of  research  on 
radioeave  propagation  via  the  ionosphere  ehlch  includes  spue  terk 
ehich  is  relevant  to  the  prohlee  of  ionospheric  forecasting. 

This  eork  eay  be  grouped  under  four  headings,  naaely,  prediction 
of  skyiave  field  strength,  eeasuresent  of  the  distant  ionotphtre 
by  ground  backscatter  techniques,  *he  prediction  of  lonogreis 
and  the  prediction  of  snoealeut  transequatorlat  radioea/e  propaga¬ 
tion. 

PREDICTION  Of  SXYIAVE  flOD  STRENGTHS 

A  routine  h.f.  field  strength  prediction  prograo  Is 
being  developed  In  ehlch  the  accent  is  on  relative  accuracy  froe 
point  to  point  rather  than  on  absolute  accuracy.  Even  eith 
modem  digital  coaputers  the  sophisticated  ray  tracing  techniques 
necessary  to  give  accuracy  to  elthin  a  fee  decibels  are  not 
economical  In  computer  time.  A  single  ray  traced  eith  moderate 
accuracy  usually  takes  a  minute  or  so.  Thousands  of  rays  are 
necessary  for  routine  monthly  predictions.  For  this  reason 
analytic  ray  tracing  of  a  model  Ionosphere  is  employed.  Vertical 
incidence  lonograms  are  reduced  to  the  equivalent  parabolic  ionos¬ 
phere  by  means  of  a  sell  knoen  technique  due  to  Appleton  t  Seynon 
(1).  The  effect  of  the  earth's  magnetic  field  upon  the  layer 
shape  is  Included  after  the  manner  of  Shim  and  Ihale  (2). 

E  and  F  hop  distances  are  computed  as  a  function  of 
elevation  angle  for  any  derived  parabolic  Ionosphere  (multi  layered). 
Doth  non-devlative  and  devlatlve  contributions  to  the  absorption 
over  the  path  are  calculated.  It  Is  found  that  the  deviativm 
contribution  occurring  In  the  E  region  Is  often  most  important, 
sometimes  being  greater  in  magnitude  than  the  nmn-daviative  0 
region  contribution.  It  's  also  found  to  be  desirable  to  include 
the  effect  of  defocusslng,  particularly  on  daytime  F  region  hops 
of  distance  2000  to  3000  km. 

The  current  absolute  accuracy  mf  the  prediction  tech¬ 
nique  is  ef  the  order  of  10dB  and  It  mil!  probably  not  be 
possible  to  Improve  this  significantly.  The  relative  accuracy  ft 
thought  to  be  batter  than  6d3. 

Seme  results  of  a  series  of  h.f.  radio  save  experiments 
aver  an  1894  km  oblique  path  bmtneen  St.  Hilda,  South  Aei.ratir 
and  Toensvlile,  Queensland  have  been  obtained  (3).  The  path  lias 
In  a  magnetic  meridian.  The  experiments  took  place  in  the  sinter 
mf  1957,  both  time  delay-frequency  and  amplitude  measurements 
being  made  at  oblique  and  vertical  Incidence. 

The  vertical  Incidence  amplitude  measurements  taken  at 
the  path  eld-point  arm  used  In  conjunction  eith  a  full  ray  trace 
computer  program  to  establish  that  portion  (80  •  100  km)  mf  the 
electron  density-height  ;raflle  ehich  mas  not  directly  available 
from  profile  reduction  of  ths  vnrtlcai  ionograms.  The  0  region 
elmctrcn  density  Is  snotn  to  be  rather  Tse  despite  the  prevailing 
medium  to  high  sunspot  numbers. 

Under  these  conditions  it  is  possible  to  demonstrate 
the  inapplicability  of  the  classical  Q.L.  approximation  (A)  to  the 
calculation  of  the  ionospheric  attenuation  of  out  of  the  oblique 
F  sodas.  The  oblique  aepMtude  results  obtained  it  6.7,  9.2,  10,2 
and  13.5  HHz  on  the  IF  eode  shoe  e  total  chanqt  In  field  strength 
ef  the  erdor  of  15  dB  beteton  nlghtime  and  soda  eut-etf.  Ray 
tracing  calculates  for  this  aadt  Indicate  that  the  absorption 
decrement  duo  to  collision  phenomena  should  lie  betieen  A  and  6  dB, 

It  is  apparent  that  an  addltlanal  attanuatlan  mechanism  eas  in 
operation.  Becausa  the  field  strength  appeared  to  change  in  a  linear 
fashion  beteten  nlghtime  and  cut  off,  and  becausa  the  magnitude  nf 
the  change  appeared  to  bo  relatively  Independent  cf  frequency  the 
additional  mechanlaa  has  been  associated  directly  eith  the  pheno¬ 
menon  of  cut-off. 

Invostlgatiens  of  the  geometry  of  the  cut-«ff  pheno¬ 
menon  (3)  Indicates  that  defocusslng  ef  the  F2  region  propagated 


nodes  occurs  because  of  Ineraastd  retardation  mf  the  rays  at  they 
pais  through  tha  underlying  E  and  FI  layers.  This  djfoeusalng  Is 
of  order  10dB  for  a  first  order  F2  made  and  ef  order  AdB  for  a 
second  order  F2  mode  over  the  path  conetmed. 

Soma  ftald  strength  observations  obtained  on  6.7  Mb  far 
tha  one  and  too  hop  F  aedtt  art  short  In  figure  1.  Therm  art 
tlmms  ehtn  the  tao  hop  mode  It  stronger  than  ths  single  hop,  an 
unexpected  result. 

The  defocusslng  contribution  taken  together  mlth  the  ray 
trace  cosputed  absorption  is  sufficient  to  account  for  the 
observed  increase  in  attenuation  of  F  modes  bmtmemn  nightlmm  and 
cut-off.  It  it  important  to  netm  that  the  total  change  in  attmnua- 
tier,  due  to  dmfocutsing  at  cut-off  may  alvaye  bm  mipmctad  to  bm  of 
the  order  mf  10dB  on  ioe  angle  first  order  F  aides.  It  le  evident 
that  any  field  strength  prediction  system  that  neglects  this 
mechanise  may  often  bo  in  error  by  this  amount  even  if  properly 
based  on  accurate  ionospheric  date.  It  is  considered  possible 
that  the  defocusslng  mechanism  dlscustod  may  prmvido  theoretical 
justification,  previously  lacking,  for  the  empirical  tamest  useful 
frequency  predictions  'ssued  by  the  Australian  Ionospheric  Predic¬ 
tion  Service. 

THE  NEASURENENT  Of  THE  DISTANT  IONOSPHERE  BY  BACKSCATTER 
OBSERVATIONS 

In  this  section  is  discussed  a  nea  technique  at  Ionos¬ 
pheric  measurement,  mhich  is  Included  because  of  Its  importance  tm 
ienosphertc  firecasting. 

The  characteristics  of  the  Ionosphere  mhich  arm  needed 
for  forecasting  are  usually  measured  by  means  mf  a  number  mf  ver¬ 
tical  ionosmndes.  Each  lonosende  gives  Information  about  the 
Ionosphere  Immediately  overhead.  Ground  backscatter  techniques 
have  been  used  in  the  past  to  study  thosklp  distance  mporoprlatm 
to  tho  distant  ionosphere.  A  technique  is  used  for  amasurlng  the 
apparent  height  of  tho  distant  ionosphere  by  meaaa  of  thm  vortical 
trizngulatlon  of  ground  backseat  ter  ochoos. 

The  use  of  trlxogulatlqn  Tethmds  for  I sea* in?  the 
apparent  source*  of  high  frequency  (h.f.)  grated  backscatter 
echoes  eat  dmaonstiatmd  in  1960  (6);  a  three-dimensional  direction 
finder  eas  used  to  observe  the  direction  of  arrival  of  tha  ground 
backscatter  pulses  fro*  a  h.f.  radar  transmitter.  Ths  locations 
of  those  apparent  ground  sources  more  determined  rotative  to  tho 
observing  point  in  taros  of  bearing  and  distance,  the  Tatter  being 
calculated  free  the  vertical  triangle  kneeing  the  time  delay,  thm 
approximate  velocity  ef  propagation  and  the  angle  of  mlovstlmn. 

Also  available  from  ths  vartical  triangle  mas  thm  apparent  height 
of  rtflectien  from  the  ionosphere  at  tho  distant  points,  halfmay 
to  thi  ground  scatter  sources.  Frio  tho  apparent  heights  and  thm 
observed  elevation  angles,  points  tn  ths  apparent  vertical  Item- 
gram  at  the  distant  point  euuld  be  estimated. 

A  1  kl  pulse  tr.-ismltier  and  lorn  horizontal  dipmlt  aerial 
tore  used  to  Illuminate,  via  the  Ionosphere,  a  variable  zone  mf 
ground  ehich  mas  limited  in  azlmuti.  primarily  by  the  directivity 
of  the  transmitting  aerial  and  by  thm  jropagatlmn  conditions;  thm 
zono  mas  limited  in  distance  at  the  nesr  edges  by  the  skip  distance 
and  lees  dearly  at  the  far  edges  by  tin  rays  having  tho  latest 
useful  angles  of  elovatimn;  some  of  the  energy  tackscattorod  from 
this  Illuminated  zone  travelled  back  vka  the  Ionosphere  (primarily 
via  the  sate  mode  as  the  foreard  path)  and  eas  received  a  fee  milts 
from  tha  transmitter  on  a  direction  measuring  instrument  consisting 
of  sight  horizontal  dipolss  arrayed  In  teo  orthogonal  arms  each  mf 
tie  symmetrically  disposed  pairs  of  dipoles. 

The  ratio  of  the  amplitudes  of  slnnais  In  the  pairs  of 
diptlos  eas  displayed,  for  each  art  In  turn,  mlth  thm  aid  ef  a 
tain  channel  receiver  and  a  cathode  ray  oscilloscope.  This  dis¬ 
play  eas  brightened  periodically  for  intervals  of  20  vlcroseconds 
at  timus  vhlch  ter*  delaysd  a  measured  Interval  from  the  trans- 
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eltted  puleas  «»  that  i  salected  tlie-Dsrt'e.1  of  the  Uc»ses;t*f-ld 
echo  •>.  Kill  nod  In  taoiatlen.  The  oirtctlw.  e-tgit,  J  , 
botiMn  tht  ntrtal  to  tin  ivvefren*  and  tht  olrectlen  of  tr*  first 
aarla!  art  «at  calculator  usliig  tht  redundant  equatltns  for  <*•  In 
tern  if  tht  observed  englee  an  tht  cat hide  ray  tuba  tract,  y>* 
an corr?sptndlng  tt  tht  phase  and  antlphati  cennetiiMe: 

yf--  tan‘1(£est(27rd/A)(eos<i))/cos(2irlld/^)(ei*  J. ))) 
y~ ’«  tan*1(aln{(27rd/ilHc»ajt))/jln((2Wd/X)(coa*‘'))i 

thtrt  d  tat  tht  spacing  btttttn  tht  outar  pain  af  dipoles,  N  tht 
ratio  of  tht  spacing  tf  tht  inner  pair  to  tht  oottr  pair  and  \ 
tho  operating  eavelength. 

Tht  ttcond  dlrtctlon  algle,  S  ,  btitttn  tht  ntrtal  to  tht 
isvefrent  and  tht  direction  tf  the  ttctnd  atria1  art  (at  right 
anglts  tr  tht  first)  tas  obtain'd  frtt  a  ttcond  sit  of  obitrva- 
tltns  aith  aid  tf  a  pair  tf  sliilar  aquations,  Tht  quadrant. I 
strut  tf  thist  observations  tas  rtstlvtd  using  tlxed  phase  and 
antl-phast  connections. 

Tht  tit  dinctlin  anglts  JL  and  (5  tort  converted  tt 
blaring,  ,  and  olevatltn,  &  ,  using  equations  of  tht  fen: 

9  ■  cos”' (eos^A.  +  cos2  “S )} 

<f>  ‘  tan”' (cos  (3 /cn<K) 

It  tas  noctsaary  to  confine  tht  observations  obtained 
ilth  this  tnstruaent  to  wiants  then  the  eavtfrtnt  prtsinttd  to 
the  aerial  systee  tas  substantially  plane  and  undlstartrd  since 
tht  Interpretatfen  tf  tho  results  tas  based  on  the  cssutpiitn  tf  a 
sltplt  plant  tavtfront.  Tht  systea  tas  effect Iva  on  laves  tf 
varltus  polarisations  provided  the  above  tavofrtnt  candltltns  ten 
not.  Ooprrtures  frtt  undistarted  tavtfrants  (art  Indicated  then 
the  tract  on  tht  cathode  ray  tuba  forttd  an  tlllpst  instead  of  a 
straight  Hno.  In  practlca,  an  arbitrary  tolaranca,  thleh  carrts- 
pondtd  to  an  unaantad  otdt  suportsslon  tf  about  10dB,  tat  plactd 
on  tht  dtgrtt  tf  elllptldty  pertltttd  btftrt  rtadlngs  nrt  rtjtc- 
ttd. 

Tht  tin  delay  at  iMch  tht  strain  tat  sat  tas  uasured 
by  nans  tf  a  calibratad  A-scan  an  a  cathtda  ray  tube  display. 

The  backscattar  returns  tort  confined,  by  stn  ctublna- 
titn  tf  tarlal  directivity,  propagation  conditions,  pulit-tln 
stroblnr  and  aavtfrent  salecllan,  to  an  tffKtlvt  highlight  thfch 
behaved  at  an  apparently  localised  sourtt.  Tht  dlrtctltn  if 
arrlvtl  tf  tht  returna  gave  th«  btarlng, f  af  the  apparent  high¬ 
light  and  ftt  alatatlon  angla,  6  ;  It*  tin  delay,  t,  tas  given 
by  tht  strobe  setting.  Tht  ndt  of  propagation  tas  Identified 
fret  cans I derail ana  af  the  operating  frtqttney,  altyatlen  angla 
and  tin  dalay.  For  a  curved  earth,  cancuntrlc  lanosphtrt  ttdal  and 
■1th  tha  asauoptlen  that  the  ravts  travailed  th*  apparant  path  in  a 
single  hop  tlth  freo-spact  velocity,  and  for  an  earth  tf  radius 
6370  klltMtrts,  the  apparent  distance,  0,  and  the  apparent  haloht, 
h,  ftr  a  tlae  dalay,  t  (ailllsaconds)  are  given  by  the  equations: 

0  .  222.5  tan-1 ((75t  ccs  S  )/(75t  tin  6  +  6370)) 
h  .  (75t  caa«/s'n(tan*1((75t  ces©)/(75t  sln$+  6370)))-637C 

It  Is  possible  to  convert  the  oblique  path  frequency,  f, 
at  which  the  bseescattw  cbstrvatlors  tf  9  art  uadt  tt  an  tpprul. 
tait  tqulvaltnl  vertical  frequency,  f  ,  at  the  ltd  path  dlsianca, 
3/2,  on  a  hearlag,  using 

f  -  f (1  -  (6370  ets  © )2/( 5370  +  h, )2)* 

Hart  h^  ought  to  be  the  tret  height  tf  rr  ctltn  but 
an  ostlwted  height  is  usually  af  sufficient  accuracy  for  the 
types  tf  path  considered  slnca  tha  earth  radius  (6370  ka)  Is  ewch 
larger  than  tht  true  htlgnt  tf  nfltctltn  and  wry  inch  lsrgcr 
than  tht  error  In  tstlaatlng  this  trot  height.  Tnt  value  of  f 
at  obtained  aay  bo  regard ad  as  ctrrtspondicg  to  tho  wasurtd 
apparent  blight,  h.  These  valuta  tf  h  and  f  tay  be  taken,  althln 
the  astuMUns  considered,  tt  bo  represintaTlw  of  tho  appropriate 
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portions  of  tin  dlitint  v.‘r,l:a!  Icntnrqt,  and  aay  be  used  it 
todifv  the  ryrtlco!  lenagrar  af  ana  end  if  fht  path  to  tort  cltsaly 
•vyrestnt  tha  apperant  vertical  'onegr-j  at  tha  distant  pol't. 

In  April,  1563,  an  Isaravtd  varolan  of  this  systii  (7) 
tat  installed  of  St.  Slide,  T;uth  Australia.  Tnect  liprtvusrtt 
an  a  aadt  feasible  by  tha  devf’eoeent  of  good  quality  M.  hvbrid 
transfprerrs  far  fortlng  tha  sus  and  dlffn.'oct  strlri  pel  nr  dla- 
oraas  ,nd  by  tha  use  of  translciars  and  tn'igratad  circuits  both 
far  uutotatlng  tht  eavtfrtnt  dlsi.’lainatlng  prfntss,  ano  far  fast 
sarlal  stitching.  Tea  transalttlng  syste-s  aart  available,  me 
using  a  20kl  pulst  iranstitttr  tiin  vtr-lcal  lag  parlaolc  aerial 
having  an  aiteuth?)  bsantdth  tf  1l‘l  dtqrtet  and  a  svcand  ayatat 
using  a  Ul  trsnsaltter  tlth  a  13  degree  sleplng  vet  atrial.  A 
block  dlagraa  if  tht  systee  It  shwn  In  figure  2. 

Additional  Ionospheric  sounding  aqolpnnt  its  used.  This 
consisted  tf  canvrntlanal  ionospheric  vertical  saundsrs  located  at 
Salisbury,  lotttra  and  iMnsvIlla  (tha  latter  kindly  tada  jyaltabl* 
by  tha  Australian  Ionospheric  Pradictltn  Strvlce  Divistan)  and 
faraard  oblique  asunder  betteen  St.  Hilda  and  Tatnsv'llt. 

Saw  observation?  aart  tadt,  at  varltus  flxtd  frequencies, 
if  the  dlrtctltn  tf  arrival  tf  ground  backscattar  returns  using  tht 
20kl  transmitter,  the  brtad  transit tttr  atrial  and  the  three- 
dlttnsltoal  dlrtctltn  Maturing  receiving  systet.  Signal*  (f 
adequate-  strength  tin  rtctlvtd  on  Mit  occasions.  A  staple  tave- 
frtnt  (as  Indlcitid  by  tht  automatic  systet)  cat  tbstrvtd  rartly 
eith  this  brtad  boat  systau,  and  tvtn  tlth  fast,  au tenet  1c  stitch¬ 
ing  bataapn  arts.  It  tat  not  oftan  passible  tt  be  sure  that  tho 
effective  high-light  abstmed  on  tnt  an  ctrrtsptndtd  ta  the  saw 
high-light  obttrvtd  en  tha  other  are.  Tht  best  conditions  far 
Maturing  the  dinctlin  tf  arrival  tf  the  baekscstter  achats 
aoptartd  tt  be  than  leaking  In  the  direction  of  ulnlaut  skip  dls- 
tanct,  than  the  variation  in  skip  distance  tlth  ulmth  tas 
greatest,  tht  strabt  being  sit  to  the  tlM  delay  ctrrtsptndlng  tt 
tht  shortest  skip  distinct,  this  can  be  explained  in  tens  tf  the 
ItprpvtMnt  in  effective  azliuthal  directivity  of  the  syetet  pre- 
vtded  by  the  ceablnatten  of  the  tlM  etrobo  and  tho  lonotphorlc 
skip  dlatanco  thief,  tic  lodes  propagation  except  freu  the  directions 
near  the  ulnlw  skip  distance. 

Tht  A-scan  display  observed  v:s  quite  variable,  tlth  the 
pattern  of  ache  clutters  changing  shape  rapidly  aid  »!th  the 
apparent  skip  tlM  shifting  shout  a  uillltectnd  nr  Here  several 
tlMi  par  second.  At  tha  saae  flee  tha  canwntlenal  tli^alay/ 
frequency  backscattar  lonegrtM  etre  tbstrved;  these  shoved  the 
expected  general  shew  ftr  the  skip-tlM  curve,  but  an  careful 
exaiinatlen  a  reughnusc  if  the  leading  edge  af  the  rectrd,couId  be 
seen.  This  roughness  ccrrssponded  to  th:  tlae  shifts  sets  tr,  the 
A-scen  ilth  fixed  frequency  observation:  It  appears  to  be  dj»  te 
the  coeplexlty  and  tha  variability  tf  the  paths  by  ahlch  the  back- 
scatter  Is  ebierwd.  This  variability  aas  attributed  to  Irregu¬ 
larity  In  the  Ionosphere. 

In  Kay,  1968,  sbservatlens  aart  tads  using  the  HI  trane- 
ulttar  and  tha  nary-os  beat  aerial  far  transulttlng.  Three  dioen- 
sltnal  direction  finding  Masuree^sts  we  relatively  easy  to 
Mke,  particularly  near  uldday  than  tha  Matured  hearings  af  tha 
•chaos  retained  ilthln  too  dog rets  of  tho  direction  of  fire  ef  the 
transelttlng  aerials.  $m  flgirt  3,  ehich  shits  th»  paints  en  the 
ground  locatod  as  the  » surer  if  ground  backscattar I ng,  the  ares  ef 
ihe  lenosphtrt  involved  (shaded),  and  the  predicted  centaurs  tf 
8JF  far  sore  distance  far  uldday,  lay,  1968.  At  ether  tlses  then 
the  direction  tf  alnlota  skip  distance  and  prtsuMbly  the  beat 
direction  far  propagation  wvtd  out  ef  the  Min  beat  tf  the  trane- 
elttlng  array  ychees  aero  rtctlvtd  fro*  a  variety  ef  bearing*  In 
quick  succession. 

In  ftgur*  A  tha  black  ef  ruult-  far  the  parted  ’BOO  It 
'<230  IK  en  7th  lay,  19b8,  its  plotted  en  the  equivalent  tenegre*. 

Tie  triangulated  backseeiter  results  ftr  ordinary  and  extraordinary 
ray  sheen  by  dst-daab  tines  fell  betwon  the  Sallsbtry  (solid  linos) 
and  Tesnsvllla  (dashed  liras  'tntgraw  ftr  the  sate  tlse. 

Hteever,  in  figure  5  a  sillier  sat  ef  results  obtained  tee  hours 
later  shoes,  unexpectedly,  a  reverse  gradient  be team  the  Salisbury 
lenegrau  and  the  Ttinsvllio  ianagrae.  On  the  day  concerned  7th 


Kay,  1968  ,ther»  aas  a  zedcate  daqree  of  a  agnatic  activity 
(aagnctlc  Index  aas  36). 

The  ionosphere  a  the  reaole  point  bataeen  St.  K1 Ida  and 
Taansvll't  as  observed  by  the  triangulated  ba-.hscatter  appeared  to 
hay#  values  rhich  conflroid  the  reverse  gradient.  The  predictions 
for  this  period  suggest  a  gradient  of  the  opposite  sign  to  that 
actually  recorded  hy  the  vertical  lonograw  and  observed  by  the 
t-tangulated  baekscatter.  In  figure  6  Is  shorn  the  variation  elth 
tic*  of  the  vertical  critical  frequencies  observed  at  Salisbury 
(near  St.  Hilda),  loensra,  and  Toansvllls,  and  the  variation  of 
the  observed  oblique  MJF  beteeen  Salisbury  and  Teensvllle  far  the 
day  concerned.  It  Is  of  Interest  to  note  that  In  the  techniques 
described  above  the  need  to  oake  very  large  h.f.  aerials  Is 
avoided  since:  (a)  observations  of  direction  are  node  only  at 
these  instants  of  tine  ehen  the  ionospheric  propagation  conditions 
favour  a  single  dsoinant  node  of  propagation;  this  aeons  that 
siopto  oavefront  conditions  are  approxioated  aherever  direction 
oeasureaents  are  taken  and  consequently  that  the  design  of  the 
direction  oeasuring  Instruoent  is  greatly  slop! If led  and  Its  size 
Is  greatly  reduced,  (b)  Irregularities  In  the  ionosphere  Itself 
aro  oade  use  of  to  provide  the  equivalent  of  a  ties  dependent 
directional  aerial  systeo  so  that  for  brief  Intervals  (ehich  aro 
detected  by  the  oavefront  testing  oechanlso  cn  reception)  the 
effective  direction  of  observation  Is  confined;  the  role  of  the 
directional  transmitting  aerial  is  to  Increase  the  productivity  of 
the  observing  systee  rather  than  to  conflna  the  direction  of 
observations  by  wans  of  Its  beanldth  alone;  consequently  the 
naed  to  lake  a  transmitting  aerial  elth  a  very  narroo  bean  is 
avoided  and  an  aerial  eitn  a  oodest  directivity  nay  bo  used 
Instead. 

THE  'DCOICTIOH  Of  VERTICAL  I0H0GBAMS 

Usually  vertical  lonegrais  are  observed  and  frw  the* 
predictions  of  laxiiu*  usable  frequency  (I! If)  are  lade.  The  re¬ 
verse  process,  that  of  generating  the  lonsgrai  fra*  predicted 
HUE  deta.  If  difficult  since  nuch  of  the  Ionospheric  detail, 
particularly  that  detail  relating  to  the  height  of  the  later  parts 
of  the  ionosphere,  Is  lost  In  the  IlF  prediction.  Other  data  ar; 
used  to  fill  this  gap.  Techniques  fer  generating  predicted  lono- 
graas  have  bam  studied  (9), 

The  aetheds  used  sere  based  an: 

la)  predictions  (10,  11)  ef  extraordinary  ray  critical  frequencies 
fer  propagation  at  zero  ground  distance  via  E,  FI  and  F2  re* 
giars.  Ordinary  ray  critical  frequencies  were  predicted  then 
needed  using  the  extraordinary  values  and  the  acvoprlote 
difference  separating  the  srdira-y  3nd  extraordinary  values 
(12). 

(b)  eorld  predictions  of  base  height  of  F  region,  VF,  for 
average  sunspat  numbers  (13). 

(c)  predictions  of  aaxiaua  height,  hp,  of  F2  region,  based  on 
empirical  relationships  beteeen  hp,  f(0)F2  and  U(3COO)F2  far 
the  area  Involved.  See  figures  7  and  9. 

(d)  predictions  of  sunspot  miaber  (It). 

(e)  predictions  (IS)  of  types  of  E  ,  and  of  vertical  frequencies 
fE  (aaxiaua)  and  f^E  (blankeftng)  having  probabilities  of 
aclurrence  exceeding  5dX. 

(f)  lonogrsas  taker,  at  a  similar  phase  of  the  sunspot  cycio  near 
the  locality  fer  ehich  predictions  are  required. 

(g)  lonogrsas  taken  tielve  months  earlier  near  the  localtiy  for 
ehUh  the  predictions  arm  required. 

The  predicted  monthly  median  Itnsgraas  for  each  hour 
aero  sketched  mlth  height  and  frequency  scale*  corrtsptndlng  to 
tno'O  ef  the  available  past  lenograts  enlarge  to  aporealmately 
d*  x  '0*,  A  herlzentil  lit*  representing  the  value  of  h’F  e<s 
dratn  to  provide  a  guide  to  the  "horizontal*  pert  rf  the  f  region; 


vertical  lines  tore  draen  at  the  predicted  crtttesl  frenuenfiet 
f  E,  f  E,  f  FI,  f  FI,  f  F2,  f  F2  to  Indteat*  the  Hefting  value* 
of  eaefi  of  fhe  appropriate  tricorn  (otphasls  mas  usually  placed  on 
tho  extraordinary  ray  values  in  the  first  Int taxes).  Observed 
lonegrais  fro*  the  previous  year  and  those  from  a  corresponding 
sunspot  nunbor  tort  than  projected  onto  tho  paper  In  turn  and  tho 
actual  tonograas  taro  skatched  In,  Including  sporadic  E  traces. 

A  mass  plot  of  such  traces  tas  made,  selecting  traces  about  tvary 
five  days  (plus  or  elnus  a  day  ar  too  if  nactssary  to  obtain  clear 
records  and  to  avoid  nagnotlcally  disturbed  dayt)  during  tho 
approprlato  aonth  and  htur.  A  representative  ianogra*  tas  thin 
traced  aff  the  aass  plot  using  the  lonegraa  traces  and  the  guiding 
height  and  frequency  ndlan  values.  Solid  linos  eoro  used  to  indi¬ 
cate  traces  those  heights  sirs  elthin  the  accuracy  specified  as 
•noraal*.  Dotted  lints  tert  used  ta  Indicate  I1iit3  ef  varfatimn 
then  the  heights  predicted  tore  likely  to  exceed  tho  noraal  Halts, 
Dashed  lines  ter*  used  to  Indicate  the  E  trace  (ehich  aay  cr  aay 
net  be  presint)  having  a  probability  of  exceeding  the  Hatting  fre¬ 
quency  shorn  of  30 f.  Kion  the  variations  In  tho  critical  frequen¬ 
cies  during  the  tine  block  tore  excessive  (t.g,  a  s unrite  and  sun¬ 
set)  the  resultant  uncertainty  eat  Indicated  by  using  a  cress 
hatched  box  to  cover  tho  range  of  variation  elthin  the  tine  block. 

An  example  of  a  aass-trace  (figure  9)  ahlch  mas  used  to 
generate  a  predicted  lonegraa  (figure  10)  It  given  to  Illustrate 
the  wthod.  In  the  exaaple  chosen  the  frequency  range  tas  confined 
to  2.0  to  7.0  KHz.  This  range  could  be  extended  if  desired.  In 
the  exaiple  sheen  f  F2,  f  F2  end  h  F2  sere  eutslde  the  frequency 
range  considered.  Even  so.  It  las'ntcessary  to  Indicate  height 
tolerances  above  6.0  IHz. 

The  predicted  virtual  height /frequency  characteristic 
•ar  sheen  far  E,  FI  and  F2  layers  a  solid  linos.  (It  rolstld 
gsntrally  to  tho  doatnant  aagnctlc  lentc  ray,  usually  tho  extra¬ 
ordinary  ray  at  the  higher  frequencies  and  tho  ordinary  ray  at  the 
leeer  frequencies).  The  predicted  Es  characteristic  ta  shorn  a  a 
dashtd  Tint  at  tha  predicted  height.  It  Indicated  approximately 
Its  frequency  extent,  but  (her*  appropriate,  the  Es  characteristic 
was  considered  to  extend,  at  tho  taw  holght,  to  eonihat  higher 
frequencies  tha  sheen.  Prohibited  zones  mere  than  as  cress- 
hatched  areas  fer  ehich  thr  Ionospheric  variability  uitnln  the 
specified  tlae  block  ea  so  great  a  to  preclude  useful  predictions. 
Sewtlaes  the  dally  variations  fra*  the  tenthly  medians  tr  the 
variations  in  characteristic  during  the  hear  ears  so  great  that 
it  aas  thought  to  bo  advisable  ta  Include  Haiti  of  variation*  mf 
the  characteristic.  These  Hilts  tert  sheen  a  dotted  lines. 

The  above  systee  of  predicting  ionogranr,  m  applied  In 
teeporalo  latitudes  and,  ilthln  tho  limitations,  ehich  specifically 
include  days  then  severe  ienespherte  stores  art  present,  the 
height  had  distributions  ehich  suggested  the  f dieting  accuracy 
fltHs: 

JlIHrf  F2  :  +  12t 

Es  :  7 

DAT  F2  :  +  ID; I 

Es  :7l» 

E  :7  5* 

FI  :  daubtful  In  suaaar;  far  equinoctial 
months  and  (inter,  about  15X. 

As  a  result  ef  sene  12  tenths  experience  In  toaporato  latltydu  It 
appears  that  ahilst  frteutney  pradlctlsns  ar*  ,'camably  good  tho 
prediction  or  heights  fraa  readily  available  tabulated  date  is 
unsat fsfsctsry.  It  it  nectssary  ts  use  previously  recorded  In*- 
grass  to  obtain  predictions  of  the  height  data  requirad. 

Finally,  If  reprcsortcHvt  predictions  tf  electron  dis¬ 
tribution  oith  holght  art  required  those  may  bo  obtained  ft**  th* 
predicted  larsgraas  by  thy  usual  wtheds. 


1«  ■  4 


TRARSEOUATORIft  RADIO  »AVE  ffiOfMjTIW 

Sines  19*S  there  navt  b*an  eany  reports  of  annul  tut 
y.n,f.  propsqatlm  aver  circuit*  up  to  9uuu  In  In  langth  ihieh 
cross  tho  aagnetlc  tquatar.  fho  frequenclss  have  been  tt  high  as 
SO  Mir  ami  art  usually  In  went  of  any  freauqne)  which  would 
ntroally  bo  forocast  to  propagate  oytr  those  distant)*,  Tho 
najertty  of  thoaa  cbsarvatlans  hast  boon  ebtainad  d.rlng  tho 
1957-58  sunspot  laxtrjn  porlod  and  tint*  1666.  As  an  Australian 
contribution  to  tho  IntomaHonat  Qutot  Solar  Tsar  (1964-65),  no 
coottncod  a  rosoarth  projact  on  trancsguaterlat  propagation 
(t-o.p- )  In  1964  In  collaboration  slth  the  Radio  Research 
laboratories  of  tho  Japanese  ainlstry  of  fasts  I  lolocowounleatlons 
and  the  United  States  Arty  Signal  Corps  Radio  Propagation  Agency 
at  uktnasa  (no*  tho  United  Statts  Arsy  Strategic  Cosounicatlens 
facility).  Uthor  organisation*  ahich  are  cooperating  In  the 
operation  of  oqulpoont,  or  slth  data  exchange,  Include  the 
lanosphoric  Prediction  Service  Division,  the  Royal  Australian 
navy,  Toensvillo  University  College  and  the  Stanford  Research 
Institute  (16,  17). 

Stepped  frequency  pulse  transelssfans  and  fixed  frequency 
transolssiens  are  being  used  te  obtain  data  wn  tho  characteristics 
of  t.e.p.,  e,g.,  frequencies  propagated,  diurnal  snd  seasonal 
variations,  ottomutlon  snd  fading  and  correlation  with  sols*  and 
geophysical  phenowona.  Regular  transolssiens  at  20  olnuto  Inter¬ 
vals  free  a  Granger  4  to  64  Mia  oblique  ionospheric  sounder  at 
Oklnata  are  being  received  at  St.  Hilda  (South  Australia)  snd  at 
Teansvitlc.  Thu  recording  of  these  oblique  lonograos  at  St.  Hilda 
and  Toensvillo  coanonctd  ln  February  1964  and  Saptesbar  1966  res¬ 
pectively.  Typical  results  are  given  in  figure  11  for  Harch  1967 
Oklnata  to  Teonsville.  Transeisstens  free  Oaroln  on  frequencies 
at  32.80,  48.45  and  72.65  fttt  have  bean  wittered  at  Tangava, 

Japan  (18,  19),  einca  August  19b4.  In  additlsn,  an  f.e.  brsadeast 
transnlsslen  an  45.9  Mb  at  the  Herein  Broadcasting  Strvict  Is 
being  wltared  at  St.  Hilda.  It  It  hoped  te  continue  operation  of 
these  circuits. 

There  appear  te  be  tee  classes  of  t.e.p.  (20);  an 
aftarnw  snhancmsnt  providing  reasonably  steady  signals  up  te 
aporexlwatety  SO  Mb  ever  the  longer  circuits  and  an  anewaltul 
nightlee  phtnewenen  et  signals  ulth  fluttsr  fading  propagating  up 
to  90  Mb  ever  snorter  circuits  apprexiwatsly  4000  lei  t«  5000  ki 
Is  length.  Although  the  nee  ban line  of  preyegeuew  ere  etlll  net 
dev  It  appears  tint  they  an  different  far  the  two  cleans  if 
t.a.g»  The  MOO  In  circuit  fret,  Irt,  South  Ktrea  te  St.  Hilda  Is 
as  osonple  of  a  long  trasrequdarlal  goth  md  the  45.9  Mb  signals 
srw  received  Met  frequec*);  areaad  1400  hurt  local  tine.  See 
f  I  gore  12  thich,M  the  hwtten  Mstegraa,  Indicates  the  percentage 
d  days  daring  larch  1967  aha*  a  45.9  Mb  path  tea  epee  fra*  Irl 
te  St-  Hilda;  *•  tin  Biddle  Metegrat  the  aedlaa  daratloa  par  day 
f»  each  hear  It  thenn  an*  ss  the  top  hlategrae  the  aelghted  aadlta 
darattan  gar  dag  f tr  sash  hear  hat  hast  calculated.  Slsllarly 
the  hi ghee t  frogeesclee  prepegdiag  ever  the  0900  ha  Ottawa  te 
St.  Hilda  eircalt  occur  dwrlrg  eftemeew  hears. 

Far  hots  these  drafts  ire  activity  peak  et  egulaexoe 
.  Is  eeneadwt  loss  daring  the  Jens  solstice.  0a  the  ether  head, 
altbrafe  prwpagctlen  cf  the  48  and  72  Ms  trcMa! attest  aver  the 
1M6  ha  Snrwla  tu  /easf.'wsa  e'nesli  (a  oast  frequent  at  agalaaxaa 
tt  It  slsust  sxcluslvtly  s  algttise  tii  nea.ner  at  this  tjas  af 
tha  year,  start  I  eg  at  agpralnatvly  1909  Her,  Rneeetlaa  Is  fv 
Isas  fragrant  at  tha  addicts  hd,  ccrtnry  tt  tha  situation  far 
the  linger  drcslts,  this  t.e.p.  activity  it  grrjtv  darlag  Jane 
than  U  OscsMber.  Tig  5560  ha  Okltaaa  tr  Taaatdlla  circuit  shgaa 
bain  daaaaa  af  t.e.p.  dcriag  ageless  periods. 


Tha  Iterate  la  t.e.N  activity  dth  lacraelag  owned 
.nwhiri,  w  flgart  15,  It  seat  scow-ant  far  tha  data  racer  Jed  at 
Irntm,  The  40  tad  72  lb  trareelaiaue  tart  fleet  received 
la  April  mi  I*  196$  reepaetluly  and  ever  the  felietlag  three 
years  them  tan  eppraalnetaly  a  etrfeld  iterate  la  tha  edidty 
as.  than  fraantdat.  Tha  Hf'i  ahaarad  aver  tha  'klaaas  te 
St.  Hilda  clrcdt,  at  tall  at  the  anther  of  hears  raseptlea  of 
fmgnaadat  grsetar  than  JO  Mb.  have  also  laersestd  elgnif  lodly 


fraa  awnpet  alalaaa  te  tex'aue  althaagh  ad  te  the  eats  extent 
u  the  activity  ca  tha  ehartsr  bars I a  ta  Yacageta  circuit. 

It  ta  ex pact ad  that  tinea  abatrvsttana  tty  ha  applied 
t*  fin  preblea  af  farecadtag  tha  MF  af  traaatgueterla*  radio 

circuit*. 

jgHBHBBBS 

The  eerk  reported  here  arises  free  the  Joint  efforts 
cf  ey  cd) tepees  cf  the  Ionospheric  Stadias  6rtsp> 
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SUMMARY 


A*  a  strict  management  tool  HF  ionospheric  predictions  are  useful  in  planning  the  frequency 
spectrum  which  may  be  available  for  a  given  path  and  date.  The  predictions  offer  some  assistance 
in  roughly  defining  the  transmitter  power  requirements,  distributing  the  station  work  load,  etc. 

At  the  working  level,  however,  the  predictions  usually  have  little  impact.  The  decision  to  main¬ 
tain  or  close  a  given  circuit  is  made  on  the  basis  of  existing  propagation  conditions,  not  on  the 
basis  of  the  predictions.. 


Insofar  as  the  MUF  program  ITS  1968  is  concerned  its  greatest  asset  seems  to  be  its  adver¬ 
tised  computational  convenience.  As  written  it  represents  an  unrefined  program  wasteful  of  com¬ 
puter  time  and  memory.  When  employed  it  offers  no  assurance  that  the  results  obtained  are  the 
best  possible  or  the  cheapest  for  the  effort  involved.  It  contains  a  number  of  inherent  deficiencies 
over  and  above  those  organic  to  the  program.  The  predicted  absorption  seems  too  high  particularly 
at  the  lower  frequencies.  Noise  magnitudes  are  based  upon  the  assumption  of  homogeneous  isotropic 
noise  distributions  within  arbitrarily  defined  geographic  zones.  Improvements  possible  today  -- 
the  inclusion  of  sporadic  E,  detail  around  sunrise  and  sunset,  ionospheric  relaxation  after  a  solar 
flare,  etc.  --  are  in  a  rudimentary  state. 

Within  the  U,  S.  a  fair  number  of  groups  now  run  obstensibly  the  same  ITS  1968  program  for 
overlapping  purposes  in  order  to  obtain  precisely  computed  but  inaccurate  predictions.  The  need 
for  continuing  duplicative  efforts  seeking  similar  approximate  predictions  seems  questionable..  If 
predictions  are  required  it  is  suggested  they  be  obtained  from  one  large  national  computational 
facility  specifically  designed  for  this  purpose.  Until  costs  are  competitive  present  users  will  main¬ 
tain  their  own  prediction  units. 


1.  INTRODUCTION 

Ionospheric  predictions  were  first  devised  for  the  HF  communicator  who  needed  guidance 
on  the  gross  diurnal  and  seasonal  variation  of  frequencies  usable  over  given  links.  The  procedure 
evolved  for  determining  these  frequencies  was  basically  geometric.  It  utilized  the  secant  law  and 
an  empirical  linear  relationship  between  the  critical  frequency  and  sunspot  number.  Initially  a 
crude  average  critical  frequency  and  average  height  at  the  reflection  point  were  adopted.  For 
determining  absorption  empirical  coefficients  were  deduced.  They  were  based  on  field  strength 
recordings  obtained  from  a  relatively  few  transmitters  whose  radiated  powers,  frequencies  and 
distance  from  the  recording  site  varied  widely. 

Few  changes  in  the  basic  approach  to  frequency  predictions  have  occurred.  The  increase 
in  the  number  of  observing  allowed  greater  confidence  in  thi  interpolations.  More  sophisticated 
computational  techniques  were  introduced.  With  the  machi..*  calculation  of  MUFs  the  tedium  of  hand 
determinations  was  reduced.  This  method  embodied  mo.-e  elaborate  averaging  methods  without 
indicating  whether  or  not  they  were  needed. 

Unfortunately  the  feedback  between  the  communicator  and  predictionist  always  has  been 
sluggish  and  weak.  The  communicator  was  restricted  by  a  practical  consideration  --  only  assigned 
frequencies  irrespective  of  the  prediction  or  forecast  could  be  employed.  A  working  circuit  was 
retained  despite  a  negative  prognostication.  Sometimes  there  were  well  grounded  suspicions  that 
the  communicator  did  not  examine  the  predictions.  One  indication  may  be  mentioned  of  the  weak 
impact  of  the  predictions  on  operations  in  the  U.S.  MUFs  obtained  by  computer  (utilizing  the  ITS 
1968  technique)  and  by  the  older  hand  method  (utilizing  geographical  zones)  may  differ  by  8  MHz 
over  some  paths  (e.  g. ,  New  York  -  Buenos  Aires).  It  is  doubtful  whether  the  communicator,  geared 
to  practical  circuits,  really  appreciated  the  difference  or  changed  his  operating  procedures  when 
the  new  results  became  available. 

This  paper  attempts  to  assess  the  value  of  ionospheric  predictions  in  general  and  those 
obtained  with  the  ITS  1968  program  in  particular.  It  examines  some  programming  deficiencies.  It 
questions  the  necessity  of  the  monthly  coefficients,  the  need  in  the  computations  of  refined  reflec¬ 
tion  altitudes  and  the  choice  of  constants  for  absorption.  It  compares  MUF  values  obtained  by 
different  groups.  It  illustrates  typical  differences  between  predicted  and  observed  operating  fre¬ 
quencies  over  given  paths.  It  suggests  the  inclusion  in  the  predictions  of  additional  features  which 
seem  feasible  today:  e.  g. ,  sporadic  E  data,  noise  as  a  function  of  azimuth,  greater  resolution 
around  sunrise  and  sunset,  and  ionospheric  recovery  after  sudden  ionospheric  disturbances.  It  also 
discusses  the  future  of  HF  communications  and  the  continuing  need  for  ionospheric  predictions. 


2.  THE  ITS  1968  PROGRAM 


The  ITS  1968  Program  represents  one  technique  for  calculating  iono3phericaliy  supported 
radio  frequencies  which  allow  radio  contact  between  two  given  ground  locations .  It  furnishes  hourly 
values  of  the  monthly  median  propagation  characteristics  and  implicitly  contains  similar  values  of 
ionospheric  parameters  for  the  path  concerned.  Since  the  Zurich  sunspot  number  must  be  specified, 
the  computations  rest  upon  future  predictions  of  the  general  solar  activity. 

As  a  whole  the  program  loosely  meets  the  general  requirements  of  many  distinct  users  whose 
needs  and  degree  of  sophistication  vary  considerably.  The  program  is  unduly  large  for  its  objectives. 
Few  users  fully  understand  the  assumptions  involved,  the  programming,  or  the  properties  and 
nuances  of  the  program.  In  large  part  this  ignorance  may  be  attributed  to  a  lack  of  clearly  written 
and  precise  documentation. 

The  bulky  and  needlessly  large  program  increases  the  computer  time  needed  for  a  specified 
output.  Some  of  the  extra  running  time  is  utilized  in  redundantly  calculating  values  needed  at  many 
levels  of  the  program.  Additional  computer  timeis  expended  in  undertaking  logical  decisions  which 
later  allow  a  choice  of  one  or  more  (up  to  11)  incorporated  output  options.  Since  some  output  functions 
are  divided  arbitrarily  among  several  subroutines  great  difficulty  may  be  encountered  in  attempting 
to  design  an  output  peculiar  to  a  given  problem.  Thus,  ITS  1968  squanders  computer  time  and  demands 
as  excessive  reprogramming  effort  if  particular  outputs  are  to  be  accommodated. 
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The  program  is  written  in  Fortran  IV  of  Control  Data  Corp.  This  language  is  not  completely 
compatible  with  many  machines  necessitating  an  appreciable  reprogramming  effort  if  another  com¬ 
puter  (e.  g.  ,  IBM  7090,  7C30,  7094,  etc.  )  must  be  employed.  Unfortunately  this  condition  usually 
prevails.  It  may  be  argued  that  in  reality  any  program  is  written  around  a  particular  computer  by  a 
programmer  thoroughly  familiar  with  that  machine's  idiosynchrosies.  To  some  extent  this  comment 
is  correct  but  reprogramming  for  commonly  available  computers  could  be  much  simplified  if  a  mort 
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representative  language  were  utilized  originally.  It  might  be  noted  that  even  if  correctly 
rewritten  the  program  would  still  exceed  the  capacity  of  moat  computers. 

For  its  employment  ITS  1968  requires  the  use  of  an  ITS  monthly  coefficient  tape.  This 
restriction  seems  unnecessary  and  for  many  purposes  is  undesirable.  There  are  numerous  occa¬ 
sions  when  data  from  alternative  sources  or  from  current  observations  are  available. 
Nevertheless,  no  convenient  means  exist  for  utilizing  these  data  as  computer  input  even  though 
they  may  be  more  pertinent  to  the  problem  considered.  Employment  of  the  numerical  maps 
(which  are  derived  from  the  ITS  monthly  coefficients)  increases  the  computer  time  involved. 

In  summary  ITS  1968  seems  inaptly  programmed  leading  to  inefficient  computer  usage 
and  operation.  Mechanical  programming  shortcomings  could  be  removed.  More  flexible  input 
arrangements  could  be  incorporated  to  allow  the  introduction  of  general  or  localized  observa¬ 
tional  data,  specified  electron  density  gradients,  and  particular  absorption  coefficients  (either 
as  single  points  or  as  geographical  maps).  Subroutines  could  be  self  contained.  The  program¬ 
ming  language  could  be  more  basic.  Self  contained  outputs  of  a  more  extensive  and  flexible 
type  could  be  provided. 

Finally,  since  HF  predictions  will  have  continued  utility,  consideration  should  be  given  to 
a  national  computer  wholly  devoted  to  ionospheric  and  propagation  predictions.  Practically  all 
interested  users  would  have  input  and  output  terminals.  The  total  savings  in  costs  over  the 
present  fragmented  efforts  revolving  around  the  first  generation  ITS  1968  program  would  be  con¬ 
siderable.  However,  it  must  be  recognized  that  to  be  utilized  a  computational  facility  must  offer 
more  efficient  services  and  at  a  cheaper  cost  than  the  potential  user  himcelf  could  furnish.  It 
is  uncertain  whether  existing  time  shared  computers  for  this  purpose  are  truly  competitive  in 
either  accuracy,  output,  flexibility  or  cost. 

3.  COMPUTATIONAL  ACCURACIES 


In  the  U.  S.  a  fair  number  of  groups  have  reprogrammed  ITS  1968  for  use  on  their  own 
computers.  A  comparison  was  made  ~o  test  the  consistency  of  MUFs  obstensibly  derived  from 
the  same  ITS  1968  program  but  run  ai  different  locations.  MUFs  for  the  same  path,  month  and 
sunspot  number  were  evaluated.  The  results  reveal  agreement  mainly  within  1 . 5  MHz  for  the 
middle  latitude  paths  adopted  for  the  study.  Prior  to  this  study  discrepancies  of  tenths  of  MHz 
were  expected.  On  a  practical  basis  MUF  accuracies  to  within  1  MHz  eeerr.  sufficient  for  mes  t 
purposes.  Under  these  conditions  it  seencm  appropriate  to  inquire  whether  scene  refinements 
now  included  in  the  predictions  are  needed.  For  example,  if  an  accuracy  cf  I  MHz  In  MU?  over 
usual  path  lengths  is  acceptable,  what  accuracies  are  required  in  the  value  of  the  reflection 
height,  particularly  when  the  looseness  in  specifying  the  launch  angle  is  considered? 

4.  COMPARISON:  PREDICTION  AND  OBSERVATION 


A  comparison  between  the  predicted  and  observed  results  for  given  paths  typify  some  of 
the  prediction  deficiencies  and  illustrate  the  difficulties  presented  to  the  communicator.  As  one 
example  22  MHz  backscatter  observations  from  Puerto  Rico  (at  distances  of  100<\  3000  and 
5000  km.  to  the  N,  E,  S,  and  W)  were  compared  with  MUFs  computed  for  tne  same  paths.  The 
vertical  beamwidth  (25°)  of  the  antenna  ranged  between  launch  angles  of  5°  -  3C°.  For  the  three 
ranges  and  reflection  altitudes  of  300  km  and  500  km,  the  calculated  launch  angles  are:  for  one 
hop  --  28°  and  42°,  4°  and  11°,  and  impossible:  for  two  bops  --  48°  and  61°,  respectively. 
Predicted  MUFs  along  the  12  paths  for  June  and  December  1969  are  displayed  in  Figures  1  and  2, 
and  the  actual  backscatter  results  in  Tables  I  and  II.  One  observation/ 15  minutes  provided 
a  total  possible  of  120  (124  in  December) /hour.  Half  this  number  of  occurrences  corresponds 
to  a  realizable  MUF.  The  radiated  power  was  l  kw  and  a  3  element  Yag  was  used. 

A  number  of  agreements  are  found.  For  the  1000  km  paths  predicted  MUFs  did  not  attain 
22  MHz  in  either  month.  Actual  backscatter  occurrences  were  all  less  than  50%.  Hours  when 
MUFs  equalled  or  exceeded  22  MHz  are  underlined  in  Tables  I  and  U.  For  the  3000  km  path 
agreement  between  the  predictions  and  observations  may  be  considered  as  fair  -  good.  In  other 
cases  distinct  differences  arise.  June  occurrences  attained  50%  only  for  a  portion  of  the  pre¬ 
dicted  hours.  Actual  open  paths  over  1000  km  occur  much  less  frequently  than  over  3000  km  and 
mainly  between  1800  -  2200  GMT;  they  may  arise  from  Sporadic  E. 

It  is  possible  that  the  poor  comparison  between  observation  and  prediction  arises  from  experi¬ 
mental  parameters  which  introduced  inefficiencies  in  the  backscatter  soundings.  For  example, 
tite  launch  angles  available  were  unsuitable  for  propagation  to  1000  km  and  5000  km.  Agreement 
between  the  calculated  and  observed  values  in  December  seems  even  less  favorable  over  all 
ranges  than  for  June.  Note  that  for  the  1000  km  path  many  more  backscatter  occurrences  were 
found  in  June  than  December.  The  character  of  the  predicted  MUF  curves,  which  do  not  include 
Es,  imply  an  opposite  conclusion. 
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A  second  study  compared  MUF  predictions  and  observations  over  a  forward  oblique  path 
from  Washington  to  Bermuda  where  WWV  at  20  MHz  was  received.  An  omnidirectional 
antenna  and  R?90  receiver  were  utilized.  Thy  percentage  of  reception  for  each  month  of 
the  ye?r  I960  i3  graphed  in  Figure  3.  A  summary  of  the  actual  percentage  of  reception  and 
MUF  predictions  obtained  from  (a)  the  ITS  1968  program,  (b)  the  Canadian  DRTE  1-1-3 
method  and  (c)  the  Australian  IPS  technique  is  tabulated  in  Table  HI.  The  Table  allows  an 
inter-compariscn  among  the  different  prediction  techniques.  Discrepancies  are  found  between 
the  computed  and  experimental  results.  Emissions  ware  received  50%  or  more  of  the  time 
between  about  1200-2400-0100  GMT  and  frequently,  forlonger  periods  in  all  months.  All 
MUF  predictions  are  pessimistic.  Predictions  of  no  openings  are  found  for  many  months 
especially  in  summer.  Predictions  of  openings  are  found  for  other  mo  itha  mainly  between 
1400-2200  GMT 

The  differences  between  the  experimental  and  computed  results  seem  serious.  It  would 
almost  seem  that  the  predictions  canrot  be  that  wrong.  In  this  vein  a  number  of  possible 
explanations  arise  for  the  far  greater  than  predicted  reception.  One  includes  the  effect  of  side- 
scatter;  e.g. ,  reflection  from  a  ground  area  simultaneously  illuminated  by  both  the  trans¬ 
mitting  and  receiving  antennas.  This  type  of  propagation  occurs  much  more  frequently  than 
expected,  but  the  effect  ic  never  included  in  the  predictions.  It  can  permit  significant  increases 
in  the  hours  of  reception  beyond  those  indicated  by  the  usual  predictions  particularly  when  an 
omnidirectional  antenna  is  used.  A  second  factoi  is  the  reception  of  other,  non-WWV  standard 
frequency  recordings  at  2V  MHz.  Several  such  transmitters  are  located  in  Europe.  A  third 
possibility  is  the  rec'-ption  of  WW  10  MHs  with  the  generation  of  20  MHz  in  the  front  end  of  the 
R390  receiver.  Such  a  condition  would  provide  a  mixed  record  of  WWV  10  MHz  and  20  MHz 
*  yception  that  could  not  bo  reconciled  with  the  20  MHz  MUF  predictions.  However,  it  is  felt 
that  the  latter  condition  is  of  low  probability.  Also,  the  recordings  which  were  analyzed  contained 
the  known  WWV  transmission  cycle.  The  possibility  of  sidescatter,  or  indeed  of  ionospheric 
scatter  in  general  has  not  '*een  resolved.  Obviously  the  intensity  of  these  modes  would  be  less 
than  that  for  F?  layer  reflection.  In  any  event,  it  shouid  be  noted  that  appreciable  differences 
between  the  predictions  and  actuality  do  exist  and  that  the  comparison  given  here  may  not  be  too 
uncommon . 

While  the  value  of  the  predictions  in  frequency  management,  manpower  and  station  manage¬ 
ment,  HF  radsr  design,  etc.  is  not  questioned,  the  utility  of  the  predictions  for  operational  cir¬ 
cuits  requires  improvement.  The  existing  deficiencies  detract  from  the  aura  of  the  predictions 
and  stigmatize  the  entire  concept  and  use  of  the  predictions  as  an  operational  tool. 

5.  IMMINENTLY  POSSIBLE  IMPROVEMENTS 


Sirne  the  predictions  serve  a  useful  function,  improvements  in  accuracy  as  well  as  new 
needed  features  should  be  incorporated.  Imminently  possible  additions  would  include  (but  not 
be  limited  to)  the  following. 


5.  1  Sporadic  E 

Current  attempts  ic  include  Sporadic  E  information  are  commendable  but  require  acclera- 
tion.  Factors  such  as  the  Es  occurrence,  partial  transparency,  blanketing  frequency,  reflectivity 
etc.  are  required.  The  inclusion  of  recent  Sporadic  E  data  from  high  latitudes  seems 
warranted.  Both  the  U.S.  and  the  U.S.S.R.  now  attempt  to  provide  Es  prediction  techniques. 

An  evaluation  of  the  two  methods  seems  desirable  if  their  relative  strengths  and  weaknesses  are  to 
be  determined. 

5.  2  "Absorption"  Less 

The  extent  to  which  the  calculated  path  losses  are  useful  in  practice  is  uncertain.  The 
"absorption"  coefficients  presently  incorporated  in  the  ITS  1968  program,  seem  to  be 
those  empirically  derived  over  20  years  ago.  They  were  based  on  observations  of  field  intensity' 
recordings  of  a  limited  number  of  transmissions  at  distances  ranging  between  i600-I5900  km. 


If  path  leases  serve  a  function  it  would  seem  that  an  improved  data  based  could  be  obtained. 
Any  new  empirical  coefficients  should  be  redefined  in  terms  of  the  various  losses  involved 
(inverse  square,  lower  laver  blanketing  or  cut  off,  and  absorption)  as  a  function  of  frequency, 
distance  and  time. 

The  ITS  1968  program  seems  to  predict  excessive  absorption  during  the  summer  noon 
period.  However,  computations  of  field  intensities  pose  special  problems.  The  entire  procedure 
and  need  may  require  reexamination.  Perhaps  all  modes  whose  predicted  intensities  are  within 
5-10  db  of  the  strongest  mode  should  be  furnished. 
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JUNE  1959  OBSERVED  OF  22  MHz  CONTACTS 

(Mayagutz,  P.  R. ;  Observations-.  4/hr) 


Time 

;gmt) 

N 

1000  km* 

E  S  W 

N 

3000  km* 

E  o  W 

N 

5000  km* 

£  S  W 

02 

1 

0 

0 

1 

52 

52 

46 

58 

4 

8 

1 

V 

04 

0 

0 

0 

2 

50 

46 

57 

ST 

0 

9 

1 

,5 

06 

3 

2 

0 

2 

23 

3b 

coi 

42 

0 

- 

1 

7 

08 

5 

0 

0 

4 

35 

3£ 

6l_ 

60 

0 

0 

0 

0 

10 

25 

9 

9 

13 

30 

47 

63 

40 

0 

0 

0 

0 

12 

io 

1 

10 

? 

26 

£'d 

.22 

21_ 

0 

0 

0 

0 

14 

8 

6 

9 

:i 

17 

0 

3 

2 

0 

0 

0 

u 

16 

12 

1C 

7 

li 

29 

2 

16 

3  Z 

0 

0 

0 

0 

18 

21 

26 

1-; 

21 

61. 

i! 

5i_ 

6JL 

0 

0 

3 

1 

20 

?8 

39 

22 

2d 

69 

69 

S3 

11 

6 

0 

Z 

0 

2* 

8 

1 

i-t 

83 

21 

73 

67 

9 

a 

/ 

1 

4 

24 

6 

11 

2 

7 

93 

63 

90 

92 

7 

5 

0 

23 

NOTE-  ^Predicted  MUF  occurrences  arc  underlined. 

Total  possible  backscatter  contacts  in  any  hour 
=  4  x  30  =•  120. 

Ey  definition  occcrrences  50%  or  more  of  the  time 
correspond  to  the  MUF. 


TABLE  II 

December  1959  OBSERVED  NUMBER  OF  22  MHz  CONTACTS 

(Vlaytfuez.  p.  ?*. ;  Observations:  4/hr) 


Time 

(GMT) 

N 

1000  km* 

E  S  W 

N 

3000  km* 

E  S  W 

N 

5000  km* 

E  S  W 

02 

0 

0 

0 

0 

3 

28 

44 

39 

0 

0 

0 

1 

04 

0 

0 

0 

2 

0 

0 

8 

0 

0 

0 

0 

a 

06 

0 

0 

0 

0 

0 

0 

4 

3 

0 

0 

0 

0 

08 

0 

0 

0 

0 

18 

0 

43 

37 

0 

0 

0 

0 

10 

0 

0 

0 

0 

28 

35 

38 

28 

0 

0 

0 

0 

12 

0 

0 

0 

0 

7 

25 

2 

20 

0 

0 

0 

0 

14 

3 

0 

0 

2 

8 

18 

13 

30 

0 

o 

c 

l 

16 

0 

0 

4 

6 

30 

29 

U_ 

46 

l 

0 

£ 

2 

18 

0 

3 

2 

62 

66 

58 

68 

l 

0 

l 

1_ 

20 

0 

2 

0 

0 

58 

5C 

11 

56 

0 

7 

0 

8 

22 

0 

1 

1 

0 

27 

35 

11 

55 

0 

5 

9 

13 

24 

0 

0 

1 

0 

5 

35 

53 

50 

0 

0 

0 

4 

~ 

“ 

"" 

♦Predicted  MUF  occurrences  are  underlined. 


NOTE:  Total  possible  backscatter  contacts  in  any  hour 

-4x31  =  124.  By  definition  occurrences  50%  o-  more 
of  the  time  coi  respond  to  the  MUF 
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TARES  r: 

COMPARISON:  PREDICTED  VERSUS  OBSERVED 
{20  MHz,  Washington-Bermuda) 

HOURS  OF  SUPPORT  (GMT) 


Month 

(I960) 

Sunspot 

Number 

Observed* 

Its  I960 
Predic*ea 

DRTE  1. 1-3 
Predicted** 

EPS 

P  reo.icted 

Jan 

129 

1200-2400 

1400-2200  (IF) 

-.500-2000 

‘400-2200 

Feb 

125 

1100-2400-0200 

1400-27-00  (IF) 

>400-2100 

140C-22G0 

Mar 

122 

1100-2400-0500 

1400-2200  (IF) 

No  support 

(1800)  # 

Apr 

120 

1400-2400-0400 

1400-2200  (IF) 

No  support 

No  support 

May 

117 

1000-2400-0600 

No  support 

No  support 

No  support 

Jun 

114 

0000-2400 

No  support 

No  auppo.t 

No  support 

Jul 

109 

1/000-2400 

No  support 

No  support 

No  supporr 

Aug 

102 

1000-2400-0600 

No  support 

No  support 

No  support 

Sep 

98 

1100-2400-0300 

No  support 

No  support 

No  support 

Oct 

93 

1100-2400-0200 

1400-2200  (IF) 

(1900-2100)# 

(1600)# 

Nov 

88 

1100-2300 

1400-2200  (IF) 

No  supj  art 

1400-2000 

Dec 

84 

1200-2300 

1400-2200  (iF) 

(1600)# 

(1500-1800)# 

♦Reception  above  noise  level  50%  or 
**  F2  layer  modes. 

#Predicted  MUF  of  21  MHz. 


more  of  the  time. 
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5.  3  SID  Relaxation 

The  perturbing  effects  of  SIDs  on  ionospheric  prepogitton are  well  known.  The  dependence 
cf  the  stormicess  on  one  ionospheric  circuit  (20  MHz,  Washington- Bermuda)  is  illustrated  in 
Figure  4.  It  would  seem  possible  to  deduce  "average  ionospheric  recovery  models"  after  typical 
dr  IDs  &r  a  function  of  the  duration  of  fade  out  at  a  standard  frequency,  and  to  incorporate  this  model 
into  the  predictions.  Thus,  despite  the  lack  of  warning  on  the  occurrence  of  a  SID,  the  general 
behavioral  pattern  of  the  ionosphere  on  a  circuit  for  several  days  after  initiation  of  the  SID  may  be 
predictable.  Whiie  models  dependent  upon  the  SID  Intensity,  solar  zenith  angle,  frequency,  etc. 
nrxy  be  rudimentary  at  present  the  results  may  not  be  much  worse  than  the  general  prediction 
inaccuracies  uow  available. 

5.  4  Sunrise -Sunset  Behavior 

Vertical  Thomson  scatter  and  detailed  circuit  measurements  allow  the  characteristics  short 
term  behavior  of  the  ionosphere  around  sunrise  and  sunset  to  be  determined.  These  data  permit 
the  deduction  of  empirical  relationships  for  predicting  ionospheric  properties  around  the  sunrise 
or  sunset  period. 

6,  FUTURE  PREDICTION  REQUIREMENTS 

An  assessment  of  the  future  value  of  HF  predictions  may  be  attempted.  The  character  of 
long  range  global  communication®  circuits  is  rapidly  changing.  Strongly  competitive  alternatives 
to  long  distance  HF  links  already  exist.  Satellite  communications  systems  are  an  accomplished 
fact  and  their  expansion  is  inevitable  (to  perhaps  a  maximum  density  of  one/4  in  equatorial  orbits). 
Advances  in  cable  technology  allow  their  logical  justifications  as  independent  backup  systems,  par¬ 
ticularly  if  wideband  cables  are  considered.  Present  technology  permits  the  establishment  of  cables 
in  all  oceans  including  the  Arctic.  These  developments  superficially  indicate  that  HF  ionospheric 
circuits  with  their  attendant  vagaries  are  outmoded.  It  is  obvious  that  the  cutting  of  a  cable  or  the 
destruction  cf  a  satellite  are  readily  possible  by  a  determined  group,  and  that  the  latter  may  be 
easier  than  the  former.  This  aspect  will  not  be  considered  here. 
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To  some  extent  a  conclusion  that  HF  is  being  superceded  is  justified.  Military  users  always 
will  prefer  a  reliable  to  an  unreliable  circuit  irrespective  of  cost.  The  professional  communicator 
always  has  sought  non-ionospherlc  circuits:  the  tropospheric,  meteoric  and  ionospheric  scatter 
circuits  wort  developed  under  his  aegis.-  Their  fulfillment  removed  a  dependence  upon  circuits  sub¬ 
ject  to  sudden  caia* tropic  outages.  As  another  factor  separate  communications  satellite  systems 
soon  will  be  within  die  grasp  of  all  large  and  many  moderately  developed  nations.  Under  circum- 
ataccos  where  each  nation  il  or  military  group  has  his  own  peculiar  alternative  system,  the  need  for  HF 
circuits  would  seem  to  dimish. 

However,  despite  das  expected  trend  by  the  military  die  HF  ionosphere  will  not  be  so  readily 
abandoned.  It  offers  a  great  convenience.  It  will  always  remain  as  the  pcor  man's  communications 
link.  Anyone  can  obtain  a  simple  unsophisticated  transmitter  and  receiver  and  establish  a.i  HF 
circuit.  The  published  bedy  of  literature  on  HF  link  performance  and  M7JH  forecasts  permit  the 
needed  frequencies  for  the  path  to  be  deduced  to  a  greater  or  lesser  extort.  This  approach  has  been 
taken  by  some  newly  developed  nations  and  undoubtedly  will  be  utilized  by  other*.  Fct  these  users 
predictions  of  future  link  performance  will  continue  to  be  valuable. 

Thus,  even  if  military  traffic  Is  removed  the  HF  ionosphere  will  centime  to  be  well  utilized. 
Commercial  companies  and  governments  have  a  large  capital  investment  in  equipment,  trained  man¬ 
power  and  ground  installations.  Operating  and  maintenance  coats  for  HF  equipment  are  low,  the 
technical  competence  required  is  moderate  and  replacement  costs  are  minimal.  For  future  HF  cir¬ 
cuits  dosed  loop  sounders  integral  to  the  communications  link  offer  a  basis  for  minimizing  outages. 

If  long  range  global  HF  links  are  ever  to  be  redesigned,  grids  of  trunks  (including  antipodal  trunks) 
together  with  rapid  switching  networks  could  materially  Improve  innage  of  most  if  not  »U  circuits. 
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Sounding  systems  incidentally  also  allow  an  entirely  new  approach  to  the  use  of  the  HE  ionosphere 
by  communicators.  They  offer  a  potential  for  abolishing  the  entire  concept  of  frequency  assignments. 

In  these  place  would  be  sounders  which  would  indicate  the  existing  frequency  openings  between  the  major 
communications  trunks.  This  procedure  would  permit  communicators  to  employ  actually  available  fre¬ 
quencies  supported  by  the  path.  Transmitter  power r  would  be  maintained  at  the  lowest  level  possible  for 
circuit  ne'jds.  Considerable  potential  for  multiple  use  of  the  same  frequency  then  becomes  possible  and 
unwanted  signal  interference  should  be  reduced 

The  present  method  of  frequency  allocation  to  to  a  fair  extent  responsible  for  Increasing  the 
noise  level.  If  communicators  are  restricted  to  assigned  frequencies  a  not  uncommon  usage  is  die 
transmission  of  the  same  information  on  several  channel*  to  insure  that  at  least  one  frequency  will 
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be  received.  Aside  from  the  fact  that  this  procedure  is  wasteful  of  the  frequency  spectrum,  it 
increases  the  man-made  noise  level.  Thus,  it  is  found  an  increasing  percentage  of  '’noise"  is  RF 
interference  produced  by  other  emitters.  In  some  areas  the  man-made  noise  level  it  the  dominant 
noise  encountered.  A  frequent  teennique  for  overcoming  the  noise  is  the  employment  of  higher  powers. 
In  essence,  the  frequency  allocation  system  fasten  a  cycle  of  increased  inteference,  increased  noise 
intensities,  increased  transmitter  powers,  etc. 

In  perspective  HF  ionospheric  circuits  always  will  exist  and  with  them  the  need  for  acme  type 
of  prediction  seoms  appropriate  to  incorporate  improvements  at  all  levels  for  the  HF  predictions. 

It  also  seems  imperitive  to  design  more  efficient  procedures  for  utilization  of  the  HF  ionosphere. 
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APPLICATION  OF  SHORT  TERM 
PROPAOTTION  PREDICTIONS  AMD  RADIO 
DISTURBANCE  WARNINGS  WITHIN  THE 
CANADIAN  FORCES  CCMffiNICATION  SISTER 


by 
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CANADIAN  AHMED  FORCES 


Footnote: 

Staff  Officer  on  the  stiff  of  the  Headquarters  Canadies  Forces  CoKaunication  System 
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SUMMARY 


Ihe  Canadian  Forces  Conmnication  Systea  (CFCS)  is  responsible  for  tbs  operation 
and  Maintenance  of  strategic  coxaudcatloos  to  serve  the  needs  of  the  Canadian  Arne d  Forces. 

Ibis  paper  outlines  the  utilization  of  iorvoepheric  information  n?  eo— anioatora 
within  CFCS  and  presents  practical  examples  of  the  affects  of  ionospheric  disturbances  on 
actual  HF  radio  circuits. 
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1.  CANADIAN  FORCES  COMMUNICATION  SYSTEM 


In  September  1961;  as  one  step  in  the  integration  of  the  Canadian  Armed  Forces*  the 
Chief  af  Defence  Staff  directed  that  a  communication  system  called  the  Canadian  Forc&S 
Cocmnication  System  (OFCS)  be  organised  to  place  under  conao.r  aenagawnt  the  fonts?  Canadian 
Arty  Signals  System,  the  RCAF’s  Main  Communication  Relay  Network,  the  RCAF's  Military 
Aeronautical  Communication  System,  plus  certain  of  the  Armed  Forces  special  j,  '*r-^se 
communications  and  transmission  ays  tome.  Although  functional  control  of  the  for***?  Naval 
Shore  Communication  System  is  exercised  by  CFCS  HQ,  Maritime  Cot— wd  rsosins  eciawnd  of  a 
major  relay  sn  oach  coast. 

CFCS  was  authorised  as  a  formation  with  an  integrated  organisation  effoetiv*  1  April  1965* 
Initially  it  was  organised  into  five  Coaxinoication  Groope,  17  Co— ralcstion  dquadrooe  and 
67  Comainication  Detachments,  with  the  Headquarters  located  at  Jictori*  Inland,  Bie 

Commander  CFCS  was  charged  specifically  with  the  operation  and  as  Interfere*  oe  strategic 
oomaunications  to  meet  the  operational  and  adadniatrativ*  reqnira—rr-s  of  the  Canadian  Forces 
and  emergency  government.  communications  within  the  resources  allotted,  cad  to  the  degree  and 
standard  established  by,  the  Canadian  Forces  Headainrters. 

One  function  of  CFCS  is  to  operate  a  network  of  HP  and  2?  radio  stations  vhinn  asnrp 
trans-Atlantic,  trana-Pacific  and  domestic  fixed  operatic nal/adminiptrativa  circuits.  Cu 
addition.  Aeronautical  Stations  located  at  Edsmtor  aloerta,  Trenrceu  Ontario,  St.  John's 
Newfoundland  and  Imhr  Germany  provide  air-ground  somaanicatioa3  for  Air  Transport  Cot— no , 
Mobile  Command,  Training  Command  and  the  Depsrt.&erf  of  Transport. 

The  motto  shown  on  the  CFCS  Crest  translates  as  rSrfIFT  and  SURE*.  As  indicates  by  this 
motto,  ons  of  the  primary  airs  of  CFCS  is  to  pass  common  user  na,r*tive  type  traffic  traS  the 
originator  to  the  addresseejs)  in  the  quickest  possible  tine  wit;.  «  higherrt  decree  at 
accuracy.  Although  narrative  type  traffic  can  be  handled  ana/ or  fcra/i**dtt«d  by  various  mens, 
this  paper  deals  only  with  the  trauvuaias  ion  of  radio  teletypewriter  traffic  (>ATT)  over 
fixed  service  circuits. 


2.  TIP IDA1.  COK-flM  ioA  T  TONS  3 VITEK 


Figure  2  depicts  a  typical  HF  coanamication  system.  For  simplicity .  this  brock  dugraa 
does  not  reve?i  in  detail  many  of  the  technical  isprovarsats  that  have  bcou  midu  to  HP 
consmieation  bys terns  ovsr  the  past  years.  A  modern  conejuniostions  system  should  include: 

a,  synthesised  transmitters  whose  inherent  qualities  include  frequency  stability  and 
rapid  frequency  changing) 

b,  ir#namitt.er  antan.ae  systems  which  provide  not  only  transmission  pach  versatility 
through  different  type  antennae,  different  take-off  angle?  and  polarisation,  but 
also  include  «3e  of  diplexers  for  siroilta  neons  transmission  of  intelligence  on  two 
different  frequencies* 

c,  receive  systaas  which  include  antennae  and  equipments  for.* 

(1)  space  diversity 

(2)  frequency  diversity 

(3)  polar  diversity 

(Ir)  automatic  swiinr  fng  for  route  selection  and  regenerative  processing, 

There  are  many  different  areas  in  a  so.wmnic«tion  s/stes  through  which  a  message,  after 
translation  into  a  telegraph  coda,  mst  pass  oof  ore  it  is  radiated  as  electrostati'  and 
electromagnetic  fields  of  energy  f ••©»  the  transsitter  antennae.  Furthermore,  the  snail 
portion  or  that  energy  received  ai  the  receive  antenna  mist  oe  asrolified,  reshaped,  checked 
and  fad  through  the  reverse  process  before  being  primed  out  or,  s  page  copy  d-.v ice.  In 
amplification  let  us  KBWftt  o.Iefiy  the  number  of  fquipsesis  involve-!  .vithin  the  different, 
areas  on  a  send  path: 

a.  Cocsaunievt ion  Certre/?=pe  R-mav  Centra  Areas 

(1)  Tranami'.tor-Distr'mitor 

(2)  Reperforator 

(3)  Humber  Device 
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b. 


e. 


d. 


«. 


f. 


Socur*  Art* 

(1)  ii/cjphtrlac  equipment 
Facility  Control  Ceotra  (FCC)  Area 
(1>  Patching  facility 

(2)  Error  Detection  Equipawit  (SDC) 

(3)  YFCT  (far  conversion  treat  D.C.  to  cor1**} 

Carrier  Equipment  Ara*  Oomero  ii.1  or  militAry-ownad 
micrcrB'ha  or  oudio  lirot) 

Transmitter  oitfc  Aiaa 

(7.)  Toie  conversion  equipment  (VFC7) 

(2)  Drive  unit 

(3)  Amplifier 

(h)  Antcnnao  system 
Propagation  Path 


carrier  ays h-ws  T&ether 


Between  e&cl.  of  .h?se  internal  areas  are  D.C.  loops  shich  thomselves  hare  to  be  adjusted  for 
roi'rect  current  or  voltage  .'eve Is.  So  it  can  be  seen  that  ssch  telegraph  loop  (D.C.  or  VFCT) 
arri  each  place  of  equipment  is  Itself  a  source  of  distortion.  The  problem  then  for  tho  syotee 
controller  iv  to  set  only  detect  and  Identify  the  presence  of  distortion  but  also  to  establish 
whether  the  diitorti-ja  i a  caused  by  equipment  or  disturbance  in  the  ionosphere.  It  i3  evident 
that  the  areas  portrayed  as  simple  blocks  on  the  diagras  are  in  fact  quite  complex.  the 
iranseitter  and  receiver  sites  plus  antennae  forme  ere  usually  located  reany  alias  froa  the 
Coamnieation  Cquadron'3  H-iadru/.rters .  Other  trees  within  the  Headquarters  Itself  toy  be  widely 
dispersed  a .ri  iioiaW  frou  each  other. 


The  Tost  isiportant  facet  of  any  oorannicationa  system  ie  its  parsoinslr  Veil  trained 
personnel  in  both  the  operator  and  technical  fields  are  necessary  to  m las  a  ccreunications 
■system  function  .rffactively.  Technicians  tend  to  becomo  specialists  within  very  narrow  fields 
and  becoma  very  proficient  on  u  snail  number  of  hlgily  spooialized  eqpdpsesnts.  Tils  is  rlco 
to  a  certain  extent  true  of  the  operators.  Although  an  operator  sent  to  a  fixed  conmnicstics*' 
terminal  for  a  three-year  posting  say  be  confined  tc  tho  Relay  and  Message  Central ,  be  nay  well 
work  in  other  fields  on  his  »«rt  posting.  In  the  military  environment,  personnel  sre  being 
constantly  changed  abcit  due  to  postings,  courses  etc.  Thus  at  any  oat  time  in  a  o onr-imlcat ions 
system  there  is  a  mixture  of  personnel  in  different  fields,  each  possessing  various  educational 
backgrounds,  degrees  of  training  and  experience.  Backing  up  these  operators  and  technicians  is 
a  cadre  of  administrative,  scientific,  engineering  end  logistic  personnel  including,  naturally, 
the  ionospheric  spci.  in  lists. 

The  heart  of  the  contain?''' t  is  ns  system  ?s  the  Facility  Control  Centre  (FCC).  The  FCC 
is  responsible  for  the  efficient  utilization  of  its  corouinlr.ations  facilities  and,  in  conjunction 
•with  other  FCCs ,  for  smintaluing  standards  of  efficiency  cowcensurate  with  the  Canadian 
Armed  Forces  ccusrmicauions  recuirei-snts.  The  FCC  is  the  hub  through  •.'•itch  all  comnmications 
are  fed,  providing  a  counon  meeting  ground  between  ths  two  rein  groups  involved  in  coaaunieationa, 
operators  and  technic lane. 

f  The  eff  icianc;  of  the  comramicstions  system  is  dependent  upon  the  quality  of  tho  individual 

\  circuits  ccBqorising  it.  Evaluation  c-f  perfompnee  is  the  key  to  quality  control.  For  no  rail 

•  or  average  propagation  conditions,  the  Ccrawleations  Research  Centre  (formerly  DSTE)  ootputef 

predictions,  operator  experience,  circuit  historical  psyforufiref  have  oroven  to  be  quite 
t  adaquate.  Although  ionospheric  oblique  soundings  would  ennancs  any  comaucicationc  system, 

providing  the  soundings  wore  carried  out  on  a  particular  circuits  assigned  frequencies,  tbio 
device  and  its  associated  equipments,  as  part  of  the  normal  station  complement,  appear  to  be 
prohibitively  erpannive. 

Irs  addition  to  inherent  quality  control  provided  by  EDC  and  VFCT  diversity  demodulation, 
the  FCC  Quality  Controller  is  eontinixaily  rariually  checking  fort*: 


a.  distortion 


b.  signal  strengths 


c.  interf  erotics. 
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dr  noise 
«*.  fading 


f.  roadability  on  those  circuits  not  protected  oy  EDC  equipaenti:. 


3.  SHtttT  TE»I  PROPAGATION  FORECASTS  AND  KARNJXGS 


To  assist  in  the  day-to-day  operation  of  all  HF  and  If  circuits,  the  Departsant  of  Transport  | 

providos  CFCS  HQ  with  short *tcrm  weekly  r-ropagati-'in  figures  obtained  fro*  the  Telecommunications  i 

Disturbance  Forecast  Centre,  Fort  So! .voir,  Va»  These  r0reeaste  are  twnsmittsd  to  all  Canadian  | 

Military  radio  stations  ana  sains  at  sea.  All  Canadian  Military  fixed  radio  and  aeronautical  § 

stations  also  monitor  WHY  (Fort  Collins ,  Colorado)  or.  a  regular  basis  to  obtain  present  f 

propagation  conditions  and  predictions  for  the  next  -ia:  hours,  j&  addition,  radio  disturbance  | 

warnings  are  received  from  the  Ionospheric  Prediction  Service  Division,  Sydney,  Australia.  I 

These  USO  warinings  sr*  also  forwarded  by  CFCS  Pi  to  all  Canadian  Military  radio  stations.  5 

Wien  propagation  conditions  deteriorate  due  to  an  ionospheric  disturbance,  the  Quality  | 

Controller  in  thG  FCC  ic  limited  as  to  what  he  can  do  tc  try  and  overcome  the  effect  of  the  | 

disturbance.  He  can  change  frsqne/my,  or,  if  operating  a  mlti-channel  syttea,  reduce  the  3 

number  of  channels  and  thus  effectively  increase  channel  power  on  the  regaining  channels*  This  I 

task  is  particularly  demanding  if  th*  Quality  Controller  is  faced  with  engineering,  at  almost  I. 

the  sane  tine,  a  large  number  of  mlti-ohannel  circuits.  I 

When  a  oonnunication  facility  1?  faced  with  an  ionospheric  disturbance  which  any  last  for  l 

a  considerable  period,  the  operational  staffs  of  the  facility  have  a  number  of  choices  1 

available  to  enable  then  to  clear  the  traffic,  these  choioet  arc:  1 

1 

a.  Making  use  of  LF  circuits  as  primary  traffic  ror.tea  if  they  suffer  less  fro*  the  | 

affects  of  the  ionospheric  disturbance.  i 

b.  Patching  to  commercial  landlines,  cables  or  combination  landlinea  and  tropospheric  | 

circuits.  § 

c.  Alternate  routing  traffic  through  other  military  or  commercial  agencies.  * 

i 

Short  term  ionospheric  predictions  provide  a  measure  of  comfort  to  the  FCC  Quality  ? 

Controller.  For  exasple,  suppose  that  a  Quality  Controller  has  been  taking  regular  distortion  1 

measurements  and  the  circuits  appear  to  be  within  predetermined  limits.  It  is  than  noted  that  J 

one  or  two  of  the  EDC -equipped  circuits  start  to  exhibit  extensive  HQ  (repetition)  periods.  | 

Is  this  caused  by  faulty  equipas&t  or  poor  propagation  conditions?  If  the  Quality  Controller  ) 

fcae  at  hand  a  propagation  warning  he  will  be  prepared  for  poor  propagation  conditions,  and  have  1 

already  notified  hia  operational  supervisors.  Without  a  short  term  ionospheric  warning,  the  ; 

Quality  Controller  mist  always  opt  for  malfunctioning  aquipcaants  or  propagation  path  I 

disturbance.  If  his  assumption  is  incorrect  it  is  inevitable  thaF" re-establishment  of  the 
service  will  be  delayed.  f 


U.  EFFECTS  CF  DISTURBANCES  ON  LIVE  TRAFFIC  CIRCDITS 


Figures  3A  to  3<I  depict: 

a.  circuit  availability  figures  for  actual  traffic  circuits  for  three  periods  in  Mar  69; 

b.  Department  of  Transport  short  term  weekly  propagation  predictions  (FROPRED)  which 
originate  from  T.D.F.C,  Fort  Belvoir,  7s.; 

c.  WS7  hourly  propagation  conditions  and  forecasts;  aad 

d.  ionospheric  disturbanjes  based  on  IPSO  warnings  (Figure  a  is  a  copy  of  these  IPSO 
warnings  received  from  28  Feb  to  26  Kar  69), 

Of  the  days  plotted  (Mar  12,  13,  16,  17,  18,  23,  2k  sad  25)  the  days  immediately  preceding 
and  immediately  following  are  also  plotted  to  provide  continuity.  With  exception  of  the 
t  vans -Atlantic  circuits,  reception  it  the  western  v-eradnals  of  the  circuits  are  depicted 
by  solid  lines,  the  eastern  terminals  by  broken  lines.  The  tra  ns -Atlantic  chart  (fig  3A) 
shows  reception  r.t  the  Canadian  terminals  only.  Figure  3&  is  a  composite  of  a  number  of 
tra ns  .Atlantic  circuits;  the  path  length  of  the  longest  circuit  (represented  by  a  broken 
line)  is  1000  Ka  longer  than  the  shortest  path. 
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CoMaent*  on  Figures  3A  to  3J 

•>  Oenaral.’.y  spa aking,  the  western  terminals  wn  affected  by  the  ionospheric  disturbances 
esveral  hours  after  the  eastern  tormina  la. 

b.  For  Domctio  Circuit  #3  (fig  3?)  *  it  appears  that  reception  at  the  western  terminal, 
wfeich  is  in  tho  auroral  tone,  was  less  affected  by  the  disturbances  then  the  eastern 
terminal,  which  is  located  at  a  sore  southemly  latitude. 

Cr  During  periods  of  ionospheric  disturbances,  the  circuits  shoeing  the  beet  result* 

(fig  3H  and  3<J)  were  those  of  the  longest  paths. 

d.  With  reference  to  the  tran# -Atlantic  circuits,  the  longest  path  circuits  appears  to 
hare  suffered  sore  from  the  disturbances  than  the  shorter  path  circuits. 

e.  Domestic  jfk  (fig  3B),  a  short  path  circuit,  over  the  years  has  consistently  produced 
the  beat  results  of  any  doses tic  circuit.  This  circuit  was  severely  effected  by 
the  disturbances. 

f.  With  reference  to  Doasstlo  Circuits  #1,  #2,  #$  and  #6  (figs  3C,  3K,  3G  end  3D)  there 
is  s  co won  terminal  for  the  four  circuits  which  is  located  in  central  Canada.  This 
terminal  appears  to  have  been  aore  severely  effected  by  the  disturbances  than  the 
other  terminals  located  in  either  eastern  or  western  Canada.  Also  the  lower  powered 
circuits  running  at  power  ratios  1»2  appear  to  have  been  lees  affected  by  the 
disturbances. 


5.  StJHMIRI 


Although  many  new  and  improved  cossanjestien  systems  have  been  devised  and  are  coming  in  to 
Increasing  use  e.g.,  satellite  emssini cations,  HP  RATT  still  proves  and  will  continue  to  prove 
to  be  an  affective  naans  of  eosmanicatlou.  Much  of  the  effectiveness  of  a  HP  RATT  system 
depends  on  high  quality  frequency  predictions  for  normal  or  average  propagation  conditions, 
ind  short  term  ionospheric  werininge  for  those  periods  when  propagation  conditions  are 
disturbed.  Ibnoephurlc  scientist#  she  old  not  only  be  concerned  with  the  cognation  of 
information  with  which  to  prepare  forecasta,  but  should  be  Just  as  concerned  to  provide  this 
lvrarmatiom  in  plain,  laymen's  term  and  pass  it  to  the  user  as  quick!;  as  possible. 
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ABSTRACT 

Long  range  communications  carried  out  by  either  the  Pilot  or  Radio  Officer  in  Canadian 
military  aircraft  are  demanding  from  a  time  point  of  view  because  of  the  competing  require¬ 
ments  of  Civil  air  control,  weather  forecasting  and  military  command  and  control.  Depending 
upon  the  area  of  operation,  the  reliability  of  HF  communications  will  vary  sufficiently  to  present 
a  problem  either  in  attempting  to  maintain  flight  safety  or  to  meet  the  requirements  of  the 
military  centralized  control.  Accurate  forecasting  on  a  reasonably  short  tune  basis  would 
obviate  the  requirement  for  radio  operators  (and  especially  pilots)  to  waste  much  time  in  search¬ 
ing  through  the  frequency  spectrum.  Problems  of  incompatibility  also  arise  through  the 
predicted  best  frequency  and  frequei  cieo  allocated  by  international  agreement,  This  paper 
will  d;\  cass  also  some  of  the  associated  environmental  problems  that  have  arisen  in  Operational 
Research  studies  carried  out  at  Air  Transport  Command. 
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DISCUSSION  OF  OPERATIONAL  FORECASTING  PROBLEMS  AND 
REQUIREMENTS  OF  THE  CANADIAN  FORCES  AIR  TRANSPORT  COMMAND 

By 

R.  P.  Hyp  he? 

Defence  Research  Board,  Air  Transport  Command  Headquarters 
C-'-adian  Forces  Base  Trenton,  Astra,  Ontario 


Introduction 

This  paper  is  drawn  from  the  results  of  an  operational  research  attack  cn  operational 
communications  problems  and  therefore  the  data  collected  relates  to  the  behaviour  of  a  man- 
machine  system,  working  in  its  normal  environment.  It  differs  widely  from  a  laboratory-type 
experiment  in  that: 

(a)  no  special  instrumentation  was  used; 

(b)  careful  control  of  variables  was  impossible;  and, 

(c)  a  rationale  for  all  the  variations  in  results  was  not  attempted. 

The  conduct  of  the  trials  was,  however,  methodical  and  orderly  even  though  we  were  looking 
for  global  answers  to  man-machine  problems.  The  object  in  carrying  out  the  studies  was  to 
answer  in  a  limited  time  some  specific  operational  questions.  We  were  interested  in  studying 
command  and  control  problems  viewed  from  a  wide  spectrum  of  considerations:  workload,  time¬ 
liness,  geographical  location,  mode  of  operation  (i.  e.,  voice  versus  CW),  accuracy,  pilot  versus 
radio  officer  operated  communications,  ground  handling  times,  relay  effectiveness,  etc.  In  order 
to  answer  these  questions,  we  had  to  carry  out  com  >arative  trials  over  given  routes  and  under 
roughly  similar  conditions  using  radio  officers  and  pilots,  respectively.  We  have  carried  out  data 
collection  on  some  200  transatlantic  flights  and  some  21  global  flights,  altogether,  covering  two 
periods  of  four  calendar  months  both  totalling  about  4, 000  airframe  flying  hours. 

The  studies  shed  new  light  on  many  well  -known  problems,  one  of  which  was  the  effect  of  time 
wasted  looking  for  a  workable  air-to-ground  frequency.  Therefore,  emphasis  will  be  placed  on 
those  items  of  interest  that  highlight  this  aspect  of  the  problem.  Certain  background  information 
needs  to  be  described. 


Profile  of  Air  Transport  Command  Pur 


Because  the  military  air  transport  fleet  is  not  a  civil  airline,  its  raison  d’etre  is  to  respond 
to  military,  quasi -military  and  civil  emergencies.  Because  it  may  have  to  be  used  under  militarily 
cr  politically  fluid  or  disaster  situations,  there  is  a  requirement  for  the  centralized  operational 
control  body  to  have  as  reliable  md  fast  communications  as  possible,  air-ground-air,  within  the 
financial  resources  available.  We  do  not  have  the  resources  to  place  powerful  transmitters  on  all 
routes  we  n.-iqht  use,  therefore  we  axe  forced  to  try  and  make  the  most  efficient  use  of  the  few 
transmitter  --  eceivers  we  have. 


Because  the  heme  of  the  Air  Transport  Command  Headquarters  ( ATCHQ)  is  Trenton,  we  have 
a  particular  inttree-  in  the  transmitter -ard-receiver  site  ,ocat6d  nearby  so  results  will  be  given 
in  this  talk  relating  tc  thie  facility  <vhe,-e  applicable. 


Within  our  aircraft  we  have  in  the  case  o'  the  C-130  (Hercules),  two  400-watt  618TSSB  sets 
and  in  the  CC-106  (Yukon),  one  618T  and  one  lower-power  AM  set  type  ARC  38;  we  also  have  YHF 
and  UHF.  The  HF  antennas  on  the  Kercs  are  uff-centre  feed  wires  and  on  the  Yukon  the  single 
fin-cap  type.  The  presence  of  two  transmitters  does  not  mean  necessarily  that  we  have,  built  in 
redundancy;  we  have  in  fact  competing  demands  for  communications  wh:  rb  we  shall  discuss  later. 


A«  you  see,  Canada  is  a  long  way  from  the  areas  in  which  her  defence  commitments  lie,  be 
they  NATO  or  UN  such  as  Cyprus  and  Kashmir,  and  even  domestic  such  as  the  Arctic.  This  means 
in  effect  that  whenever  we  consider  the  proper  use  of  cur  long-range  aircraft  we  axe  often  speak¬ 
ing  of  distances  of  c  000  km  and  greater.  This  means  that  for  frequency  prediction  purposes  we 
are,  on  any  transatlantic  flight,  considering  both  •■ingle-hop  and  double-hop  communications  from 
whatever  layer  is  a:  work  in  the  ionosphere.  For  our  Pacific,  Australian,  jr.dian,  African  and 
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Figure  1.  Radio  facilities  at  CFB  Traatoa 
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South  American  flights  we  are,  of  course/  speaking  of  multi -hop  or  high-angle  wave  communications. 

A  significant  item  to  consider  is  that  our  problems  relate  to  a  moving  platform  in  which  those 
who  draw  ip  the  frequency  prediction  tables  or  maps  presumably  consider  not  only  the  seasonal 
and  diurnal  frequency  selection  problems  but  the  emergence  and  disappearance  of  reflection  hops 
'or  control  points  as  the  platform  approaches  cr  recedes  from  the  transmitter.  Each  reflection 
point  is,  of  course,  at  a  different  time  of  day  from  the  neighbouring  one  and,  of  course,  the  time 
of  day  on  the  moving  platform  bears  little  relationship  to  that  at  the  first  reflection  point  from  the 
ground  station  except  at  commencement  or  termination  of  the  trip,  depending  upon  flight  orientation 
east  or  west. 

.  Communication  Discipline 

Because  of  the  variability  of  reception  when  using  HF,  we  have  imposed  on  our  crews  a 

-  discipline  and  procedure  in  communicating  which  is  intended  to  ensure  (as  best  we  can)  in  a 
.-practical  way,  that  evexy  effort  is  made  to  keep  channels  open  with  ATCHQ.  We  believe,  in 
continuous  monitoring  by  both  the  aircraft  and  the  ground  facility  and  also  half  hourly  net  reporting. 
Were  HF  more  reliable,  this  would  not  be  necessary;  in  fact  there  are  many  crews  who  would 
dearly  love  to  have  us  relinquish  our  grip  in  this  regard,  however  we  are  reluctant  to  do  so  for 
operational  reasons. 

C  rrapcf  live  Demands  on  Communication  Time 

The  fact  that  a  long-range  transport  aircraft  is  a  moving  radio  platform  under  airways  or 
oceanic  control,  means  that  continuous  communications  are  also  required  between  the  civil  control 
agency  and  the  aircraft.  This  is  a  legal  requirement  for  flight  safety  purposes.  Over  land  this 
is  usually  VHF  and  over  water  HF,  except  for  ocean  weather  ships  which  use  VHF.  In  addition 
to  this,  there  is  an  indispensable  requirement  for  weather  monitoring  both  behind  the  aircraft  uf 
to  the  f  critical  point  and  ahead  of  it.  Weather  is  broadcast  regularly  on  HF  voice  and  CW,  at 
given  times  past  the  hour.  Lastly,  there  is  the  requirement  to  monitor  the  VHF  distress  frequency. 
Because  of  the  variety  of  requirements  to  communicate,  the  work  of  communicating  even  over  long 
periods  on  ocean  legs,  can -be  quite  demanding  of  an  operator's  time.  Some  communications  are 
scheduled,  others  relate  to  geographical  position  and  others  are  random,  hence  the  total  communi 
cations  scene  demands  both  planning  and  close  attention  to  timing. 

Pilot-operated  Communication 

The  problem  of  communication  becomes  more  pressing  when  it  is  made  the  duty  of  pilots 
rather  than  radio  officers  because  this  is  not  their  primary  task.  Although  there  are  two  pilots 
in  the  cockpit,  the  second  pilot  is  obviously  net  there  for  the  sole  purpose  of  communication. 

Sven  though  one  pilot  has  control  of  the  aircraft,  the  functions  of  the  two  pilots',  are  interwoven 
from  an  airmanship  point  of  view.  (Excellent  communications  are  a  small  consolation  if  a  pilot 
fouls  up  the  landing  through  inattention  to  airman*!  ^p|) 

We  have  conducted  a  time  study  of  two  pilots  on  the  transatlantic  route  Trenton  to  Lahr, 

South  Germany,  when  it  was  made  their  task  to  tend  to  all  communications.  The  results  show 
that  even  under  good  conditions  of  weather,  aircraft  serviceability  and  communications  condition, 
there  is  a  tendency  for  one  of  the  two  pilots  to  become  inordinately  engrossed  in  communications 
planning  and  communications  activity.  Under  conditions  of  voor  weather,  manual  flying,  noisy 
communications,  the  business  of  looking  after  communicate  •«  and  flying  or  co-operating  in  flying 
at  the  same  time,  can  be  extremely  difficult  and  fatiguing,  •  • ,  ecially  on  slow  turbo-prop  aircraft 
which  tend  to  fly  through  the  weather  and  not  above  it. 

As  mentioned  earlier,  all  the  ATC  aircraft  are  fitted  w5. .  two  HF  transmitter-receivers.  It 
can  now  be  seen  that  with  the  continuous  monitoring  demands  of  ICAO  and  the  military,  plus  periodic 
and  frequent  requirements  to  check  weather  on  HF,  two  sets  are  normally  a  minimal  requirement. 

CW  versus  Voice 

Regarding  mode  of  communication,  the  trials  showed  that  if  voice  was  used  until  it  was  be¬ 
ginning  to  be  unreadable,  and  then  resort  was  made  to  CW,  then  traffic  could  often  be  read  through 
fiie  noise.  We  found,  however,  that  the  use  of  CW  over  voice  was  not  a  function  of  range  from 
transmitter  hut  more  a  function  of  communications  condition.  On  transatlantic  paths  CW  was  re- 

-  sorted  to  9  per  cent  of  the  time  when  voice  failed.  At  times  however,  a  radio  officer  will  listen 
to  CW  weather  broadcasts  in  preference  to  vice,  if  reception  conditions  are  noisy.  An  interesting 
side  is  that  when  using  the  phonetic  alphabet: 


S  g  2  2  2  2  2 
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Figure  3.  Distribui" ~n  of  listen-out  periods  over  land  and  "water.  (Radio  officers  Yukon  aircraft) 
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(a)  the  accura.,  is  approximately  as  1,‘gh  as  ~W;  and, 

(b)  pilots  are  as  accurate  as  radio  officers. 

This  is  quite  contrary  to  expectations. 

Variability  of  HF  Cormr.cnicaticns 

During  the  trials  carried  out  last  year,  we  found  that  if  one  measures  the  time  attempting  to 
communicate  air-to-ground  agains'  the  successful  time  communi rating,  it  was  in  the  following 
ratio:  0.  17:1.0  on  transatlantic  legs.  On  Pacific  and  global  flights  it  averaged  at  0  50:1.0.  In 
arriving  at  thece  figures  we  eliminated  periods  of  severe  communication  black-out,  therefore  it 
ic  an  operating  figure.  (It  should  be  pointed  out  that  most  transmissions  arc-  short,  60  per  cent 
are  less  tnan  approximately  3  minutes).  There  is  a  certain  problem  involved  in  assessing  the 
reliability  of  communi rations  in  this  manner  and  that  is  the  meaning  of  the  word?  'attempt  to 
communicate".  Obviously  this  indicator  couid  be  invalid  if  an  inn  retina,  e  amount  of  time  was 
spent  on  a  useless  frequency.  Alternatively,  if  insufficient  ca'iing  effort  were  made  the  readings 
would  likewise  be  invalid.  An  enormous  amount  of  common  sense  has  to  be  employed  in  both 
attempting  to  communicate  and  defining  it.  ^oma  attemps  are  met  finally  with  success  and  others 
are  not,  some  are  met  with  success  by  speculative  cnanging  of  frequency,  and  still  further  others 
are  met  with  success  on  advisement  by  the  receiving  station  that  they  are  barely  audible  on  that 
frequency  and  that  they  should  -nange  to  another  specified  frequency.  Clearly,  professional 
communicators  do  not  "flog  a  dead  horse  indefinitely",  so  if  a  call  to  a  ground  station  produces 
no  reply  in  reasonable  time,  the  radio  officer  assumes  it  has  not  been  heard  and.  changes  frequency. 
Occasionally  the  ground  station  is  busy  with  another  aircraft  and  cannot  answer  immediately  or 
maybe  it  requires  time  to  switch  frequencies  to  reply.  In  Trenton  we  can  monitor  many  more 
frequencies  than  any  single  communications  operator  can  transmit  on  at  any  one  time.  Approxi¬ 
mately  one  minute  is  needed  to  switch  fror.i  a  '  receive"  to  "transmit"  when  frequency  changes 
are  made.  We  found  that  wher  puc*s  started  carrying  some  of  the  HF  communications  load,  they 
were  switching  so  fast  from  one  frequency  to  another  that  the  ground  operator  could  not  keep  up. 
Thus  they  were  not  as  successful  communicating  as  they  should  have  been.  Another  measure  of 
failure  similar  in  nature  to  and  drawn  from  the  same  sources  as  the  time  wasted  trying  to  com¬ 
municate,  was  occurrence  frequency  of  trying  to  communicate  versus  the  success  frequency. 

This  was  similarly  a  variable  from  one  operator  to  another  but  demonstrated  a  general  trend. 

The  results  for  analytical  purposes  had  to  be  modified  to  take  into  account  the  difference  between 
the  number  of  timer  communications  '-  ere  desired  compared  to  the  number  of  times  attempts 
were  made  to  communicate,  i-atterl}  we  have  concentrated  on  measuring  tite  success  cf  com¬ 
munications  by  measuring  the  number  of  random  messages  sent  to  ‘he  aircraft  egainrt  those 
received.  It  is  interesting  to  note  that  both  these  rather  crude  empirical  ways  of  approaching 
communications  reliability,  produce  approximately  the  same  resu'ts  despite; 

(a)  the  astronomical  number  of  underlying  variables;  and, 

(b)  the  fact  that  the  trials  were  separated  by  one  year. 

In  any  event  it  is  this  *~ype  of  measurement  which  is  operationally  meaningful .  The  problem  then 
of  measuring  the  reliability  of  communications  from  a  man -machine  point  of  view  is  not  simple, 
but  we  bslieve  we  have  made  a  first  approximation.  Because  unreliability  may  be  a  function  of 
impatience  and  fatigue,  ("hope  deferred  maketh  the  heart  vick")  there  is  all  the  more  reason 
why  a  busy  operator,  especially  a  pilot,  requires  „ome  indication  that  ionospheric  conditions 
are  suitable  for  propagation. 

Frequency  Prediction  Problems  and  Requirements 

Now  regarding  the  requirements  and  use  of  frequency  prediction  to  improve  our  HF  com¬ 
munications.  It  is  believed  we  are  up  against  very  special  problems  in  the  long-range  air -ground- 
air  business.  Because  MUF  and  LUF  frequency  prediction  is  not  synonymous  with  instantaneous 
sounding  and  a  guaranteed  workable  channel,  it  has  a  limited  use  in  its  present  form  in  the  air- 
ground -air  environment. 

To  obtain  a  certain  perspective  on  this  problem,  let  us  review  hew  radio  officers  operate. 

(1)  Experienced  professional  airborne  communicators  are  cognisant  of  such  items  as  diurns' 
variations  in  MUF  and  the  general  principles  and  problems  of  HF  propagation. 

['£)  They  are  often  m  touch  with  the  ground  operator  while  communications  conditions  are 
changing  or  deteriorating  and  they  both  mutually  experiment  to  keep  in  U  u.ch  with  one 
another. 
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(3)  There  are  a  limited  number  of  frequencies  that  are  assigned  to  the  user  a  id  they  can 
only  select  from  among  them. 

(4)  At  best  they  will  only  refer  to  frequency  prediction  maps  if  available  for  the  area  th*- 
are  in  but  are  unlikely  to  go  through  a  process  working  out  an  MUF  if  it  involve-*  '•vei:- 
lays  and  nomograms.  Working  through  the  frequencies  experimentally  can  be  much 
quicker  and  more  convincing. 

It  is  no  secret  then,  that  radio  officers  are  seldom  seen  consulting  prediction  charts  even 
though  frequency  prediction  tables  are  issued  by  our  Canadian  Forces  Communi cations  System 
(CFCS)  based  on  monthly  trend  and  relating  to  given  transmitters  and  receivers.  This  is  not  a 
sign  of  disrespect  so  much  as  read  time  utility  and  it  would  appear  that  the  variations  in  com¬ 
munications  condition  and  usable  frequency  due  to  a  host  of  local  reasons,  eclipse  to  some  extent 
the  data  given  in  the  tables  which  are  based  on  monthly  median  or  FOT  values.  What  i3  ready 
required  we  believe,  is  not  a  crude  global  estimate  of  MUF  but  something  inexpensive  of  the 
variety  of  the  Channel  Evaluation  and  Calling  (CKEC)  system  which  permits  one  to  know  rapidly 
if  a  frequency  is  available  in  the  first  place  and  if  so,  what  it  is.  Therefore,  it  would  appear 
that  much  more  research  on  ways  to  improve  effectiveness  anil  sersit’vity  ox  freqency  prediction 
for  long  ranges  and  moving  platforms  if  probably  required.  To  ill-re.-ate  my  point,  extracted 
data  from  radio  officer  logs  show  the  use  of  IIF  frequencies  in  relating  to  those  predicted. 

Of  course  it  must  be  remembered  that  during  periods  of  he^vy  precipitation  static  and  P  lar 
Cap  Absorption  (PCA)  all  frequencies  may  le  in  difficulty,  ,’t  must  be  added  that  frequency  pre¬ 
diction  tables  remind  one  of  weather  forecast  in  which,  the  expectancy  of  heavy  precipitation  is 
said  to  be  very  low  or  "scattered"  but  the  person  who  comes  home  from  the  annual  picric  with 
his  secretaries  drenched  is  not  going  to  display  an  enormous  amount  of  faith  in  the  person  who 
said  the  probability  was  after  all  only  5  per  cent. 

In  conclusion,  then,  the  main  requirement  of  frequency  prediction  for  Air  Transport  Command 
i6  one  in  which  we  are  looking  for  a  means  of  reading  directly: 

(a)  if  a  frequency  exists;  and, 

(b)  what  it  is. 

Any  system  therefore  that  leaves  the  chore  of  trial  and  error  to  the  operator,  especially  a  pilot, 
is  no  better  than  what  exists  already. 

A  secondary  but  obvious  deficiency  about  which  little  can  be  done,  is  the  requirement  for  and 
ability  to  use  higher  frequencies. 
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I  rm  the  Chief  of  the  Radio  Frequencies  Branch  in  the  Defense  Communications  Agency  and 
E  member  of  the  Joint  Frequency  Panel  of  the  U.  S.  Military  Comnionlcatlons-EIr-etr  rules 
Board  and,  in  that  capacity,  1"  Become  directly  involved  in  tne  frequency  allocation  and 
assignment  process,  I  am  not  actually  a  user  of  the  radio  frequency  spectrum,  although, 
at  meetings  of  this  type,  I  tend  generally  to  be  categorized  with  the  users.  A  few  of 
the  problems  with  which  my  office  is  regularly  faced  would  be  of  interest  to  you  and  I 
would  like  to  briefly  outline  a  few  of  them  now.  The  Defence  Communications  System  (DCS), 
which  is  managed  by  the  Defense  Communications  Agency  (DCA),  includes  the  largest  high 
frequency  (HP)  radio  network  in  the  world.  Almost  all  of  the  individual  HP  radio  paths 
in  the  DCS  cpsrate  on  a  bandwidth  of  12  kHz  and  each  transmission  consists  of  four 
nominal  voice  channels  of  3  kHz  each.  Typically,  at  least  one  of  these  3  kHz  voice 
channels  will  contain  16  channels  of  derived  teletype.  The  other  three  channels  will 


normally  carry  voice  modulation  or,  possibly,  one  of  these  voice  channels  may  be  carry-  | 
ing  a  digital  data  stream.  1 

The  radio  frequencies  assigned  to  support  these  HP  radio  paths  are  obtained  from  the  | 
internationally  fllocated  fixed  bands.  These  fixed  bandB,  as  has  been  noted  by  previous  f 
speakers,  are  highly  congested  and,  to  an  extent,  disorganized.  Experience  has  shown  | 
that  it  is  very  rrrely  atmospheric  noise  or  local  noise  at  the  receiving  site  which  | 
limits  the  performance  of  our  HP  radio  paths.  On  the  contrary,  it  ia  almost  always  I 
Interfering  signals  on  the  assigned  frequencies  that  limit  the  system  performance.  i 
Hie  assigned  frequencies  on  the  DCS  HP  radio  paths  constitute,  within  the  U.  S.  Military,  I 
almost  '"he  total  resource  of  relatively  broadband,  in  terms  of  HF,  frequency  assignments.  | 
In  each  case  where  our  operations  are  conducted  on  foreign  soil,  we  have,  of  course,  | 
negotiated  with  each  host  country  for  the  right  to  UBe  these  radio  frequencies.  j 

Within  the  U.  S.  Military,  we  are  frequently  faced  with  temporary  requirements  for  > 
operations  which  require  the  use  of  12  kHz  bandwidth  frequencies.  I  shall  note  three  3 
examples .  | 

The  U.  S.  Strike  Command,  with  headquarters  in  Florida,  is  responsible  for  any  possible  ] 
military  activities  in  which  the  U.  S.  might  become  engaged  at  some  future  date  ir.  the  ] 
Middle  East,  Africa  south  of  the  Sahara,  and  possibly  in  Bupport  of  other  major  U.  s.  I 
theater  commanders.  The  Strike  Command  has  at  its  disposal,  some  transportable  ccmmuni-  | 
cations  capability  which  must  be  periodically  exercised  for  purposes  of  personnel  train-  } 


ing  and  equipment  checkout.  It  Is  the  nature  of  the  high  frequency  spectrum  today  that 
successful  operation  of  long  haul  HF  radio  paths  can  only  be  effected  by  uBing  frequencies 
which  are  in  essentially  continuous  dal ’y  use  at  high  power.  The  only  such  frequency 
resource  available  to  the  U.  S.  Military  is  that  contained  in  those  frequencies  assigned 
to  the  radio  patns  of  the  DCS.  When  it  is  necessary  to  support  these  Strike  exercises, 
my  office  is  called  upon  to  make  frequencies  from  the  DCS  resource  available  for  use  in 
supporting  the  exercises.  When  supporting  exercises  of  this  nature,  the  frequencies  are 
authorized  for  use  in  a  manner  that  will  not  interfere  with  their  normal  use  on  the  DCS 
radio  paths  to  which  they  are  assigned.  For  planning  frequency  support  for  exercises  of 
this  cype,  my  office  requires  the  ready  availability  of  typical  MUF-LUF  type  predictions. 
These  predictions  are  used  in  selecting  the  frequencies  which  can  be  made  available  for 
exercise  use  without  interfering  with  their  normal  assigned  use. 

There  are  other  requirements  which  are  even  more  difficult  to  support,  however,  because, 
due  to  their  importance,  they  must  have  frequency  resources  made  available  on  a  primary 
rather  than  on  a  secondary  basis.  One  example  of  this  type  of  requirement  is  the  mili¬ 


tary  communications  support  provided  to  the  Apollo  program.  Communications  from  land 
bases  to  the  Apollo  Range  Instrumented  Ships  and  the  Apollo  recovery  forces  are  critical 
in  nature  and  require  high  reliability.  While  these  communications  have  beer,  partially 
effected,  and  in  the  future  will  be  primarily  effected,  through  communications  satellites, 
HF  radio  is  still  used  and  will  continue  to  be  used  at  least  in  a  backup  role.  During 
Apollo  missions,  the  frequencies  made  available  to  support  these  communications  are 
giver,  to  Apollo  on  a  primary  basis  and  their  use  is  denied  to  he  HP  radio  paths  of  the 
DCS  to  which  they  are  normally  assigned.  This  effectively  removes  a  significant  part 
of  the  frequency  resource  available  to  the  DCS.  Fox*  obvious  reasons,  the  selection  of 
tiiC  frequencies  to  be  made  available  for  Apollo  support  must  be  cone  with  great  core  if 
the  remaining  reliability  of  the  DCS  HF  radio  paths  is  ti  be  preserved  at  reasonable 
levels.  These  DCS  radio  paths  are  also  carrying,  particularly  across  the  Pacific, 
communications  of  critical  importance  to  the  V.  S.  Military.  Again,  ay  office  requires 
detailed  and  accurate  HF  radio  MJF-DUF  predictions  to  aid  in  selecting  the  frequencies 
to  be  made  available. 

One  further  example  can  also  be  noted.  The  Defense  Communications  System  does  not  in¬ 
clude  tactical  communications  and,  in  general,  the  DCA  is  not  normally  involved  in 
supporting  air-ground  communication 8.  The  DCS  is,  however,  responsible  for  providing 
all  of  the  communications  from  the  Coamander-in-Chief  through  the  Joint  Chiefs  of  Staff 
down  to  the  major  Unified  and  Specified  Commanders  and  their  major  subordinate  commanders 
in  the  field.  The  Commander-in-Chief  of  the  U.  S.  Armed  Forces  is,  as  you  Scnow,  the 
President.  The  President  travels  rather  frequently,  and  when  he  does  so,  communications 


on_o 


must  be  maintained  with  nlm  at  all  times.  Cornu  lications  with  the  Presidential  aircraft 
while  in  flight  must  be  of  the  highest  possible  reliability.  Here  again,  frequencies 
normally  assigned  to  HP  paths  of  the  DCS  are  made  available  during  the  periods  when  the 
President  io  airborne  and  during  certain  periods  when  the  Presidential  aircraft  is  on 
the  ground  at  locations  outside  the  U.  Again,  when  used  for  Presidential  communica¬ 
tions  support,  the  frequency  resources  involved  are  denied  to  the  DCS  radio  paths  to 
which  they  are  normally  assigned.  The  most  accurate  possible  JWP-TUF  predictions  are 
necessary  for  use  in  planning  for  this  communications  support.  Naturally,  the  problem 
of  providing  both  Presidential  and  Apollo  support  comnunicatlons  requirements  are  con- 
pounded  when  the  President  elects  to  be  present  aboard  the  prime  Apollo  recovery  ship  as 
happened  on  the  Apollc  11  mission. 

In  additior  to  the  special  frequency  support  for  exercises  and  operational  requirements 
noted  above,  my  office  must  also  plan  for  frequencies  required  in  the  evolutionary 
development  of  the  DCS.  This  involves  both  the  periodic  deactivation  of  existing  facil¬ 
ities  and  the  provision  of  frequency  resources  to  support  newly  activated  radio  paths. 
Although  HF  radic  is  assuming  a  relatively  less  significant  role  in  the  DCS  than  it  had 
a  few  years  ago,  and  the  number  of  HP  facilities  is  being  reduced  as  greater  reliance  is 
placed  on  satellites  and  broadband  systems,  including  tropospheric  scatter  and  underseaB 
cables,  a  minimum  essential  HP  network  will  be  retaired  to  provide  the. minimum  necessary 
residual  command  and  control  communications  to  be  relied  upon  in  any  eventuality.  Also, 
transportable  HP  communications  facilities  will  be  retained  and  new  ones  may  be  procured 
to  provide  tne  cacability  to  rapidly  restore  essential  elements  of  the  system.  In  the 
process  of  planning  for  the  exercises  and  operations  described  above  aB  well  as  in  plan¬ 
ning  for  the  evolutionary  development  of  the  DCS,  typical  predictions  of  the  MJF-LUF  type 
are  routinely  utilized.  These  predictions  are  produced  both  for  specific  months  and  for 
the  extremes  of  seasonal  and  solar  cycle  variations.  For  this  purpose,  my  cfflce  utilizes 
the  ITS  68  program  at  the  present  time  and  we  are  now  in  the  process  of  converting  to  the 
ITS  69  program  in  our  computer. 

In  addition  to  the  MUF-DUF  predictions,  computer  outputs  listing  the  angles  of  arrival  of 
the  predominant  modes  and  the  reliability  of  the  various  modeB  are  utilized  to  help  in 
the  design  and  selection  of  the  appropriate  antennas  and  to  analyze  failures  of  per¬ 
formance  on  some  of  the  paths  of  the  DCS.  The  predictions  produced  in  our  office  are 
utilized  in  our  office  or  are  provided  to  system  planners  in  the  military  departments 
responsible  for  operating  the  various  portions  of  the  DCS.  Routine  predictions  of  the 
MHP  and  the  LOF  for  use  by  the  operators  in  the  DCS  are  produced  by  the  Department  of 
the  Army  Strategic  Communications  Command  at  Fort  Huachuca,  Arizona. 

For  maximum  efficiency  of  system  operation,  a  communications  network  Buch  as  the  DCS, 
which  is  managed  on  a  system  basis,  requires  real  time  measurement  and  evaluation  of 
system  capability  and  automated  or  semlautomated  control  of  the  frequency  selection 
process.  Such  a  system  has  been  researched,  developed,  and  tested  for  the  DCA  by  the 
Stanford  Research  Institute.  This  system,  known  as  the  Common  User  Radio  Transmission 
Sounding  (CURTS)  System  has  been  thoroughly  proved  and  is  capable  of  achieving  higher 
reliability  from  an  integrated  HF  communications  network.  Economic  factors,  however, 
have  prevented  the  implementation  of  the  CURTS  System. 

Lacking  such  an  automated  system,  there  are  two  levels  of  short  term  forecast  information 
which  are  required.  The  system  controller  located  at  regional  or  area  control  centers 
requires  a  short  term  forecast  which  tells  him  which  of  the  radio  paths  in  the  portion 
of  the  system  he  controls  are  going  to  be  reliable  and  which  are  going  to  fail  during 
the  next  forecast  period.  If  this  information  were  ideally  available,  it  would  be  all 
the  system  controller  would  really  need  to  know  to  enable  him  to  control  the  routing 
and  rerouting  of  traffic  and  the  reBtoral  of  allocated  circuits  through  the  system. 

The  operator  on  each  radio  trunk,  on  the  other  hand,  really  needs  a  forecast  that  will 
tell  him  whether  or  not  communications  can  be  maintained  on  his  radio  path  during  the 
next  forecast  period  and,  if  so,  on  which  of  his  assigned  and  available  operating  fre¬ 
quencies  the  maximum  reliability  can  be  obtained.  Even  if  the  CURTS  System  could  be 
fully  implemented,  there  wo'  Id  still  be  a  requirement  for  short  term  forecasts.  The 
computer  logic  which  would  cortrol  the  utilization  in  real  time  of  the  frequency  resource 
in  the  system  would  need  to  be  modified  during  periods  of  propagation  disturbance.  It  is 
not  say  intent  to  describe  the  CURTS  System  at  this  meeting  as  it  has  been  t tterrively 
reported  on  before.  For  those  who  may  be  Interested,  I  would  refer  you  to  the  proceedings 
of  the  AGARD  EPC  Meeting  at  Flnse,  Norway,  April  13-19,  1967  or  you  could  write  to  me  for 
a  list-  of  references  to  the  CURTS  reports. 

In  summary,  we  find  a  need  for  three  different  levels  of  future  information  on  the  phe¬ 
nomena  of  KF  radio  wave  propagation  within  the  DCS.  Predictions  of  the  type  produced  by 
the  ITS  69  program  for  use  in  system  planning  and  analysis  of  system  performance  and  for 
use  in  the  administrative  management  of  the  available  HF  frequency  resource  will  continue 
to  be  required.  Short  term,  forecasts  of  propagation  disturbances  are  required  at  two 
separate  levels  within  the  DCS.  Predictions  for  the  radio  system  operators  should  be 
designed  to  provide  an  indication  of  whether  or  not  an  individual  radio  path  will  support 
communications  during  the  next  forecast  period  and,  if  so,  on  which  of  its  assigned  com¬ 
plement  of  available  frequencies.  Forecasts  for  use  l>y  regional  or  area  system  controllers 
should  provide  an  indication  of  which  radio  paths  within  the  portion  of  the  system  con¬ 
trolled  can  be  relied  upon  to  provide  reliable  communications  during  the  next  forecast 
period. 


One  other  level  of  information  is  required  within  the  DC A  but  this  is  neither  forecast 
nor  prediction.  To  aid  In  post  analysis  and  in  daily  staff  briefings  which  attempt  to 
explain  system  performance  on  the  previous  day  or  days,  information  on  the  extent  and 
soverity  of  observed  propagation  disturbances  is  required.  This  latter  need  is  currently 
being  satisfied  quite  nicely  be  the  availability  in  our  office  of  one  of  the  remote  tele¬ 
type  terminals  (such  as  vas  displayed  here  on  the  table)  by  means  of  which  we  can  tele¬ 
phone  the  computer  at  Boulder,  Colorado  and  obtain  summary  information  on  observed 
disturbances . 


*  Chief,  Radio  Frequencies  Branch,  Defense  Communications  Agency,  Washington,  D.  C.  20305 
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SOJMARY 


Short  term  .  orecaeting  be^ar  in  Germany  around  1940  simultaneously  at  the  Pro¬ 
ving  Ground  (Department  ? ;  of  the  German  Air  Force  at  Rechiin  (about  150  km 
North  of  Berlin)  and  at  the  Research  Institute  of  the  Deutsche  Reichspost  (De¬ 
partment  Wave  Propagation)  at  Munich,  Later  in  1942  an  independent  hoard  was 
separated  from  the  first  mentioned  Department  F  at  Rechiin  with  the  name  "Zen- 
tralstelle  flir  Furikberatung"  at  Bad  Vdslau  near  Vienna.  After  1945  x'uis  organic 
eatlon  was  one  of  the  main  bases  of  the  later  Max-Planck-Institute  for  Icnojphe- 
rio  Physics  (Llndau/Harz) .  The  main  task  of  this  institute  was  ionospheric  re¬ 
search.  Therefore  the  regular  preparation  of  forecasts  was  discontinued.  A 
smeller  part  of  the  "Zentralstelie  ftir  Funkberatung"  was  separated  after  1945 
and,  in  cooperation  with  the  French  Forces,  organized  the  Service  de  Provisions 
lonoapbOrique  Militaire  (SP3I).  The  group  of  the  German  P.T.T.  was  reorganized 
within  the  Femmeldetechnisches  Zentralamt  (FTZ)  at  Darmstadt  and  resumed  its 
prediction  and  forecasting  work  in  1950. 
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Short-term  Forecasting  la  Germans 


B.  Beckmann*)  ^  . 


Research  Institute  of  the  Fernmeldeteo^-nieches  Zentralamt 


At  the  request  of  the  Programme  Committee  I  shall  give  you  a  report  on  the  history 
of  forecasting  in  Germany  from  the  early  1940‘s  to  the  present.  At  that  time, 
there  were  two  agencies  in  Germany  which  were  concerned  with  short-term  fore¬ 
casting,  namely  Department  ?  of  the  German  Air  Porce  Test  Centre  at  Reehlin  (150 
km  north  of  Berlin)  and  the  Amt  fttr  Wellenausbreitung  (Wave  Propagation  Depart¬ 
ment)  of  the  Research  Institute  of  the  Deutsche  Seichapost  at  Mttnchen. 


To  begin  with,  I  would  like  to  give  you  a  survey  of  the  work  performed  by  Depart¬ 
ment  P,  which  was  in  1942  re-named  "Zentralstelle  fttr  Funkberatung"  (Radio  Propa¬ 
gation  Advisory  Centre)  and  was  working  at  Bad  TBslau  near  Vienna  under  the  di¬ 
rection  of  Professor  Dieminger,  who  has  been  so  kind  as  to  let  me  have  some  in¬ 
formation  for  this  report. 

The  knowledge  of  the  propagation  phenomena  and  the  continuous  observation  of  the 
iorosphere  enabled  the  Radio  Propagation  Advisory  Centre  at  Reehlin  to  issue  advice 
on  radio  propagation  matters  to  the  military  agencies.  The  letter  requested  the 
indication  of  a  reliable  frequency  range  to  be  used  at  a  certain  distance  and  time 
of  the  day.  How  I  would  like  to  say  some  words  about  the  normal  conditions,  because 
they  are  the  basis  for  the  prediction  of  disturbances.  Since  the  critical  frequen¬ 
cies  of  the  ?2  layer  vary  from  day  to  toy,  it  was  necessary  to  consider  the  most 
unfavourable  possibility  for  each  time  of  day.  Curves  were  determined  therefrom  by 
excluding  considerably  disturbed  days.  They  were  converted  to  the  specific  distance 
in  the  classical  manner.  Moreover,  the  normal  3  layer  entered  the  calculation,  the 
result  of  which  was  used  to  plot  the  so-called  "blanketing  curve".  The  upper  enve¬ 
lope  of  the  two  critical  frequency  curves  indicates  the  highest  most  reliable  fre¬ 
quency.  The  well-known  theory  used  at  that  time  was  applied  to  determine  the  lower 
absorption  limit  from  the  maximum  decrement  given  by  the  equipment  characteristics. 
The  standard  value  required  for  this  purpose,  which  furnishes  mainly  data  on  the 
ionization  of  the  D  layer,  wa»  taken  from  field  ctrength  measurements  of  the  pre¬ 
ceding  two  weeks.  Thus,  a  lower  UBable  absorption  frequency  limit  which  might  have 
co  be  replaced  by  blanketing  was  obtained  for  every  propagation  mechanism. 

As  far  as  the  regular  two-weekly  general  advices  with  indications  of  usable  fre¬ 
quency  ranges  for  various  distances  and  times  of  the  day  were  concerned,  this 
method  was  applied  to  all  distances  in  question.  These  advices  were  distributed 
over  the  military  communications  network.  Furthermore,  d.f.  warnings  were  issued 
the  same  way,  i.e.  the  period  was  indicated  during  which  the  night  effect  was  to 
be  expected.  la  special  cases  individual  advice  was  given,  even  with  regard  to  the 
choice  of  the  equipment. 

In  cases  of  disturbances  the  Radio  Propagation  Advisory  Centre  informed  or  warned 
the  Armed  Forces,  if  possible.  A  drop  of  field  strength,  the  MBgel-Dellinger  effect 
today  known  as  sudden  wave  fade-out,  allows  only  subsequent  information  to  be  given 
since  it  is  not  possible  to  forecast  this  effect  with  sufficient  reliability.  The 
time  of  occurrence  could  only  he  estimated  by  the  27-day  recurrence  tendency.  It 
was  not  expected,  hut  hoped  nevertheless  that  a  prediction  of  flares  and  consequent¬ 
ly  cf  the  MSgel-Dellinger  effects  might  be  achieved  by  means  of  solar  physics.  The 
time  during  which  a  radio  circuit  faded-out  was  subsequently  announced  by  the  Radio 
Propagation  Advisory  Centre.  These  announcements  were  made  in  order  to  explain  the 
fade-outs  and  to  prevent  unnecessary  attempts  to  service  the  equipment. 

There  are  better  possibilities  for  the  prediction  of  ionospheric  storms  which  cause 
the  worst  disturbances  of  the  radio  traffic.  It  was  well-known  that  ionospheric 
atoms  are  caused  by  a  corpuscular  stream  which  needs  about  2C  to  30  hours  to  reach 
the  earth  from  the  sun  and* that  the  optimum  observation  of  its  start  on  the  sun 
would  allow  a  forecast  for  approximately  1  day  in  advance.  Now,  events  had  become 
known  where  about  24  hours  later  an  ionospheric  storm  was  caused  by  the  corpuscles 
emitted  by  the  sun  simultaneously  with  a  chromospheric  eruption  which  in  turn  gave 

*)  Chief  of  Research  Group  D  33  "Ionosphere" 
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rise  to  a  MSgel-Dellinger  effect.  However,  these  events  were  not  so  regular  that 
they  could  be  used  as  a  basis  for  a  foreoast.  Similar  considerations  applied  to 
all  other  solar  phenomena  which  had  as  yet  been  investigated  in  conjunction  with 
disturbances  of  the  ionosphere.  It  was  thought  that  the  fact  that  there  are  statis¬ 
tical  relations  is  not  sufficient  for  a  forecast,  where  it  is  the  Individual  case 
which  matters.  Even  the  27-day  recurrence  tendency  did  not  seem  to  be  so  clear  that 
it  alone  could  substantially  contribute  to  the  solution  of  the  problem.  An  investi¬ 
gation  performed  by  Bartels  in  1943/1944  at  the  request  of  the  Radio  Propagation 
Advisory  Centre  was  only  successful  in  the  case  of  weaker  disturbances. 

The  several  hours  lead  of  the  magnetic  disturbances  was  considered  as  the  best  basis 
for  forecasting  disturbances.  Here,  the  period  available  for  forecasting  is  very 
short  and  it  requires  a  smooth  organisation  in  order  that  the  radio  warnings  are 
issued  so  early  as  to  reach  the  interested  parties  in  good  time.  Experience  gained 
during  the  war  showed,  however,  that  it  is  possible  and  that  the  benefits  of  such 
an  arrangement  are  considerable.  But  some  difficulties  are  even  encountered  in  the 
case  of  forecasts  based  on  magnetic  phenomena.  Although  there  are  very  clear  corre¬ 
lations  when  comparing  the  development  of  the  events  at  a  later  date,  it  is  diffi¬ 
cult  ff  the  further  development  of  a  magnetic  disturbance  shall  be  concluded  fairly 
reliably  from  its  initial  stage.  In  this  connection  the  fact  that  a  rather  active 
sunspot  passes  the  central  meridian  at  the  same  time  or  that  there  was  a  MSgel- 
Bellinger  effect  on  the  preceding  day  can  be  a  valuable  hint.  During  the  war  more 
than  70J&  of  all  warnings  proved  to  be  correct,  this  was  partly  to  be  attributed  to 
the  sure  instinct  and  the  great  experience  of  the  observers.  The  success  achieved 
in  the  higher  northern  latitude  was  very  good,  the  probability  of  making  a  lucky 
guess  was  even  higher.  In  these  regions  the  conditions  are  more  favourable  in  so 
far  as  the  greater  number  of  disturbances  allows  more  experience  to  be  gathered  and 
the  development  in  time  of  the  individual  disturbances  is  very  similar.  In  the  auro¬ 
ral  zone  the  corpuscles  arrive  between  2100  and  0200  h.  In  case  of  a  simultaneous 
magnetic  activity  disturbed  conditons  must  be  expected  in  the  second  half  of  the 
night  ana  the  next  morning.  If  the  magnetic  field  remains  quiet  during  this  critical 
time,  there  will  probably  he  normal  conditions  during  the  next  day. 

Bartels  was  of  the  opinion  that  these  experiences  are  only  true  for  moderate  distur¬ 
bances  restricted  to  the  auroral  zone.  As  for  more  severe  disturbances,  Berkner 
indicated  already  in  1939  that  they  begin  at  the  Bame  time  both  in  magnetic  and 
ionospheric  measurements. 

The  problem  of  occurrence  of  the  sporadic  E  layer  was  studied.  It  is  not  considered 
possible  to  forecast  it  in  the  individual  case,  since  its  occurrence  can  only  be 
predicted  statistically.  Harang  stated  that  in  the  case  of  the  Ee  ionization  in  the 
higher  northern  latitude,  which  is  correlated  with  the  geomagnetic  activity,  the 
geomagnetic  disturbance  and  the  Ee  begin  at  the  same  time.  However,  the  opinion  was 
held  that,  with  the  exception  of  the  auroral  zone,  the  forecast  of  Es  was  not  so 
essential  for  normal  radio  traffic,  because,  apart  from  a  possible  blanketing,  a 
deterioration  of  the  propagation  conditions  by  Bs  was  generally  not  obaerved. 

In  the  case  of  a  magnetic  storm  a  warning  was  given  over  the  military  communications 
network.  This  warning  was  issued  as  soon  as  a  considerable  deterioration  of  the 
propagation  conditions  could  he  ascertained  or  could  be  foreseen  for  the  near 
future.  Hence,  the  warning  was  given  at  short  notice,  possibly  soon  aftsr  the  begin¬ 
ning  of  the  disturbance.-  In  very  favourable  cases  solar  observations,  for  instance 
the  observation  of  the  quick  development  of  spots,  enabled  the  forecasters  tc  indi¬ 
cate  the  disturbance  with  a  certain  degree  of  probability.  Admittedly,  the  cases 
were  hut  rare,  where  the  solar  event  causing  ths  disturbance  could  be  ascertained. 

As  a  rule  one  bad  to  wait  until  the  beginning  of  the  magnetic  storm  indicated  the 
beginning  of  the  disturbance.  Then  a  drop  of  the  critical  frequency  was  expected 
mainly  during  the  following  night.  If  the  storm  began  during  the  day,  it  was  pos¬ 
sible  to  issue  a  warning  for  the  night,  i.e.  some  hours  in  advance.  If  it  began 
during  the  night,  the  warning  could  only  be  issued  at  the  beginning  of  the  ionosphe¬ 
ric  disturbance.  In  the  case  of  longsr  disturbances  it  was  always  worth-while. 

The  radio  propagation  monitoring  station  of  the  Radio  Propagation  Advisory  Centre 
was  equipped  with  the  following: 

1.  Sweep-frequency  ionosonde  for  the  determination  ol  tne  critical  frequencies. 

2.  Magnetic  field  balance  to  measure  the  variations  of  the  earth’s  field.  The 
results  of  these  measurements  were  ussd  to  obtain  indices  characterizing  the 
disturbances. 

3.  Pield  etrength  measuring  equipment  and  diveotion  finders. 
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Observations  were  carried  out  continuously.  The  current  knowledge  of  the  ionospheric 
condition  allowed  warnings  to  be  issued  in  the  case  of  disturbances;  moreover,  field 
strength  measurements  were  made  in  order  to  determine  the  absorption  as  well  as 
deviations  from  the  great  circle  bearings. 

A  special  radio  network  available  to  the  radio  propagation  monitoring  station  was 
also  used  to  make  radio  tests  and  to  check  the  advices.  Zn  addition  oblique-angle 
pulse  measurements  with  remote  synchronization  were  performed  on  some  paths  in  order 
to  determine  the  propagation  modes,  etc.  Every  day  all  results  of  the  measurements 
were  passed  on  to  the  control  centre  at  Toealau.  Special  advisory  centres  were 
established  in  Norway  and  Finland,  because  the  conditions  existing  in  these  regions 
were  particularly  difficult  and  departed  from  those  prevailing  in  Central  Europe. 

The  following  scale  was  used  to  characterize  the  ionospheric  conditions  in  the 
higher  northern  latitudes: 


1 .  calm 

2.  moderate 

3.  disturbed 


=  normal  conditions 

-  foF2  below  normal,  but  transmission  possible  via  aurora  -  Ee 
layer 

=  black-out 


In  the  third  case  (black-out)  absorption  prevented  the  changing-over  to  lower  fre¬ 
quencies  a6  was  done  successfully  in  medium  latitudes.  In  consideration  of  the 
changing  conditions  a  very  close  co-operation  of  the  radio  stations  and  the  iono¬ 
spheric  stations  in  the  higher  northern  latitudes  proved  to  be  very  successful.  It 
was  possible  to  increase  the  reliability  of  the  radio  traffic  from  40j£  to  75 ?f.  The 
introduction  of  a  special  "advice  for  the  aeronautical  radio  service"  which  was 
called  for  immediately  before  the  start  in  the  perns  way  a?  the  Rmstbos*0.1f>£iual 
route  forecast"  ana  which  indicated  the  present  ioDOspneric  conditions  and  their 
anticipated  development  within  the  next  few  hours  had  turned  out  very  well. 

At  the  end  of  the  war  in  1945  the  Radio  Propagation  Advisory  Centre  discontinued 
its  work.  After  1345  moat  of  its  staff  joined  the  Max  Planck  Institut  fCr  Ionosphfi- 
renforschung  at  Lindau  (Harz),  which  was  only  concerned  with  ionospheric  research 
and  did  not  take  up  the  preparation  of  forecasts.  Some  of  the  members  of  the  Radio 
Propagation  Advisory  Centre  left  and  together  with  the  French  Armed  Forces. they 
estpblished  the  Service  des  Previsions  lonospheriques  Militaire  (SP1K). 


Like  the  Radio  Propagation  Advisory  Centre,  the  Wave  Propagation  Department  was 
concerned  witn  short-term  forecasts.  Thorough  investigations  into  radio  propagation 
phenomena  were  carried  out  by  the  Reichspostzentralaat  (Reichspost  Engineering 
Centre)  and  the  Reichspost  Forschungsanstalt  (Reichspost  Research  Institute)  for 
the  world-wide  commercial  radio  service  as  well  os  for  broadcasting  and  ether 
services  under  the  care  of  the  Deutsche  Reichspost.  In  1937  part  of  the  Radio 
Department  of  the  Institut  fttr  Schwingungsforschurig  (=  Institute  for  the  Study  of 
Oscillations)  was  merged  in  the  Deutsche  Reichspost.  On  this  occasion  observation 
material  dating  back  to  195?  beoaae  available  to  the  Deutsche  Reichspost.  On  1  July, 
1940  the  department  of  the  Reicbspostzentr&lamt,  which  was  reoporaible  for  in¬ 
vestigations  into  radio  propagation  conditions,  moved  from  Berlin  to  KUncban.  Dr. 

F.  Vilbig  was  in  charge  of  this  department,  the  new  designation  of  which  was  "Amt 
far  Welleaauabreitung"  (Wave  Propagation  Department).  Based  on  the  knowledge  of 
the  propagation  phenomena  gained  in  studies  performed  over  many  years  and  on  the 
continuous  observations  of  the  ionospheric  conditone  the  normal  conditions  were 
determined  once  a  month  and  compared  with  the  superimposed  disturbances.  Four 
ionospheric  stations  were  set  up  approximately  at  the  11th  meridian  between  55 
and  ~  42°  N.  They  operated  or  nearly  the  same  fixed  frequencies  -  which  varied 
according  to  the  season  -  with  a  pulse  power  of  about  10  kW.  The  results  of  tho 
measurements  made  on  tbie  network*  showed  the  dependence  on  lati  tude  of  the  beha¬ 
viour  of  the  ionosphere  under  normal  co-.ditiono  and  in  the  case  of  disturbances. 
Field  strength  measurements  carried  out  at  the  same  time  indicatod  the  attenuation 
behaviour  of  the  ionosphere  resulting  from  the  D/E  layer  absorption  near  the  LUF 
and  from  scatter  losses  and  dBViatiV8  absorption  at  highsr  frequencies  near  the 
F-MOF.  Sweep-frequency  measurements  performed  by  the  station  at  Hexzogstaad  were 
made  available  by  Zentralstelle  ftlr  Ionosphfirenforscbung  (Ionospheric  Research 
Centre).  Later  on  similar  data  were  obtained  from  the  Grafing  station  of  the 
Wave  Propagation  Department.  Moreover,  field  strength  recordings  of  the  operating 
frequencies  carried  out  by  the  Deutsche  Reichspost  since  1928  were  evaluated. 
Rnpirical  conversion  factors  (m  factors)  were  found  by  comparing  the  latter  results 
with  vertical  soundings.  Partly  these  factors  were  considerably  higher  thau  those 
derived  theoretically  from  the  ionograms  and  showed  a  dependence  on  power.  They 
were  evaluated  for  forecasting  the  times  the  operating  frequencies  could  be  used 
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daring  a  month.  In  this  connection  ths  influence  of  the  XiTJF  was  allowed  for  by  the 
classical  computation  of  the  non-deviative  absorption.  The  radio  stations  of  the 
Deutsche  Reichspost,  the  broadcast  HP  stations  and  other  civil  radi.o  services  wero 
advised  by  telex,  by  telephone  and  in  ninthly  discussions.  There  was  also  a  close 
co-operation  with  the  Radio  Propagation  Advisory  Centre,  for  instance  the  supply 
of  propagation  data,  of  field  strength  measurement  results,  discussions,  meetings , 
etc. 

The  short-term  forecasts  of  disturbances,  issued  by  the  Wave  Propagation  Department, 
whenever  required,  i.e.  in  the  case  of  forthcoming  or  existing  dirturbancae,  were 
made  with  following  objective  in  mind:  When  wo -king  in  the  HP  raag«.  it  wee,  of 
course,  not  possible  to  avoid  disturbances  of  t’ca  radio  service,  chie'n.  vsxe 
timas  rather  severe.  However,  the  early  recognition  of  the  occurrence  of  a  distur¬ 
bance  was  of  great  importance,  beoauoe  the  traffic  cwXd  then  be  so  handled  «e  to 
allow  for  tha  forthcoming  dit:turoc.nc3-  If  longer,  serious  disturbances  were  to  be 
expected,  a  change-over  to  the  IP  transmitter  could  be  made  in  good  tive.  However, 

.in  the  case  of  a  minor  disturbance,  urgent  Telegrams  could  ba  transmitted  before 
or  one  could  wait  until  the  diaturb&oce  was  over.  Hence,  it  was  desirable  to  know 
the  beginning  of  a  diaturbaac  i:u<i  its  probable  duration.  In  briaf,  tha  importance 
of  the  so-cclled  "radio  weather"  cc  the  radio  services  waa  similar  to  that  of  the 
meteorological  conditions  to  aviation,  etc. 

In  order  to  hs  able  to  issue  short-term  forecasts  the  measuring  station  of  the 
Wave  Propagation  Department  at  Semried  near  Hlnchec  observed  the  propagation  con¬ 
ditions  all  the  day  roura.  The  otaiion  was  equipped  with  the  following: 

1.  Equipment  for  field  strangl'd  measurements  and  recordings  in  the  HF,  MF  and  DP 
bands. 

2.  A  pulse  transmitter  with  manually  tunable  frequency  for  vertical  sound Inga. 

3.  Frequency  spectrum  recorder. 

4.  Magnetic  field  balance  for  the-  vertical  component. 

As  far  as  observed  geomagnetic  activities  were  concerned,  there  applied  the  sam9 
as  was  outlined  in  connection  with  the  Radio  Propagation  Advisory  Centre.  The 
records  taken  by  the  JSrdmagnetisches  Observat-orlum  (Geomagnetic  Observatory)  at 
Potsdam  were  also  available  for  the  subsequent  evaluation  of  the  magnetic  activity. 
Thv  current  propagation  observations  furnished  information  about-  positive  phases 
and  disturbances,  which  formed  the  basis  for  estimating  the  development  of  the 
propagation  conditions  during  one  aolar  rotation  and  allowed  corrections  to  he 
made  at  short  notice,  provided  the  tendency  of  the  results  of  the  observations 
carried  out  simultaneously  in  different  directions  and  on  several  frequencies 
indicated  ths  development  earlier-  than  it  was  noticed  by  the  radio  services.  If 
the  disturbances  did  not  begin  suddenly  with  a  high  intensity,  there  -was  a  time 
difference  of  some  hours  according  to  the  direction  of  propagation.  Moreover,  in 
the  case  of  long  waver  an  increase  in  the  noon  value  of  the  field  strength  was 
sometimes  observed  2  to  3  days  before  a  disturbance.  In  seme  cases  one  could  also 
observe  a  decrease  of  the  night  value,  but  here  the  time  until  the  beginning  cf 
tha  disturbance  was  shorter.  When  the  puls^  transmitter  was  used  for  observation 
purposes,  attention  was  also  paid  to  the  height  of  th9  F  layer  which  decreases 
shortly  before  the  disturbance  and  increases  sgain  with  the  beginning  of  the 
disturbance. 

In  addition,  the  results  of  pnotospheric  soler  observations  and  of  measurements 
of  the  weak  component  of  the  cosmic  rays  were  evaluated  Unlike  today,  at  that 
time  there  waa  do  solar  observatory  in  Germany  equipped  with  a  spectro-helioscope 
or  being  able  to  uee  it  for  the  coniiruous  observation  of  the  sun.  The  performance 
of  the  solar  observation  depended  very  much  on  the  weather,  i.e.  there  were  times 
where  had  sight  prevented  the  observation  of  the  sun.  Attempts  were  made  to  com¬ 
pensate  to  a  certain  degree  for  these  deficiencies  by  making  additional  records  of 
the  week  component  of  the  cosmic  rays .  These  ideas  were  expressed  by  J.  Zirkler, 
who  bad  observed  that  the  increases  in  radiation  exceeding  the  statistical  varia¬ 
tions  recurred  with  the  multiple  of  the  aolar  rotation.  In  some  cases,  a  geomagnetic 
disturbance  with  secondary  ionospheric  phenomena  took  place  during  the  next  day. 

So  far  as  statistics  could  he  prepared  with  ths  data  then  available,  there  eeemed 
to  ba  an  accumulation  of  theca  effects  three  to  four  days  prior  to  the  beginning 
of  the  disturbance.  Ho- 'ever,  they  wore  even  experienced  during  calm  periods. 

Zirkler  was  of  the  opinion  that  these  effects  were  due  to  the  weak  component  of 
the  cosmic  rays  and  that  this  component  was  emitted  from  the  sup.  According  to 
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literature  available  at  that  time,  it  could  also  be  modulation  effects  of  the 
general  galaotic  radiation  caused  by  solar  influences.  Special  attention  was  paid 
to  the  ring-current  effect  (iorbush  effect).  There  were  aleo  changes  in  the  diurnal 
variations.  Today,  both  possibilities,  i.e.  solar  radiation  components  and  modula¬ 
tion  effects  in  the  diurnal  variations,  have  been  proved.  In  order  to  be  able  to 
measure  as  weak  radiation  components  as  possible  use  was  made  of  a  bottom-shielded 
ionization  chamber  proposed  by  Zirkler.  However,  radioactive  influences  were  also 
possible.  All  the  effects  mentioned  above  were  recorded  globally.  For  this  reason, 
the  use  of  these  effects  gave  frequently  rise  to  overwaminga. 

At  that  time  the  opinion  was  held  that  it  was  better  to  put  up  with  overwamings 
than  wi vh  an  unannounced  disturbance,  because,  when  considering  it  from  the  point 
of  vie/’  *j f  meteorology  it  is  better  to  take  the  umbrella  than  to  get  wet. 

i'u  order  vc  avoid  overwamings  and  to  achieve  a  higher  probability  of  lucky  bits, 
the  iroreccs wnn  based  on  all  geo-  and  astrophysioal  indicators  available  at  that 
moment  to  clarify  the  overall  situation.  In  the  declining  part  of  the  sun  sjot 
cycle  So,  1?  (minimum  in  1944)  it  was  mainly  the  recurrence  tendency  which  allowed 
rather  suoces3ful  forecasts  to  be  made. 


III.  Radio  Propagation  Prediction  Service  of  the  Pemmeldeteehnisches  Zentralamt 


In  1950  the  Femmeldetechnisohes  Zentralamt  (Telecommunication  Engineering  Centre) 
resumed  the  preparation  of  short-term  forecasts ,  which  ,the  Wave  Propagation  Depart¬ 
ment  h3d  discontinued  at  the  end  of  the  war.  Since  that  time  the  following  has  been 
done  by  the  Radio  Propagation  Prediction  Service: 

1)  Establishment  of  en  Ursigram  service. 

2)  Regular  daily  and  weekly  forecasts  with  the  help  of  quality  figures. 

5)  Continuation  of  the  trials  concerning  the  application  of  the  results  of  cosmic 
ray  measurements. 

4)  Systematic  ohservationu  of  the  transmission  frequency  range  and  derivation  of 
an  objective  quality  figure  used  to  objectively  define  disturbances  as  a 
function  of  time  and  intensity. 

5)  Expansion  of  the  development  tendency  into  situation  synoptics  of  all  para¬ 
meters  on  the  lines  of  the  "selection  frequency  statistics"  used  in  meteorology. 

6)  Participation  in  vhe  International  Ursigram  and  World  Days  Service  as  Regional 
Warning  Centre  during  the  IGY  and  the  IQSY. 

7)  Application  of  eolai’  predictions. 

8)  Inclusion  of  additional  information  in  the  forecaste. 

Re  1) 

TirTjSo  the  Deutsche  Sundesposfc  began  to  collect  the  most  essential  topical  data 
made  available  by  geophysical  and  astrophysioal  institutes  and  tQ  -.pass  them  on  to 
interested  parties.  In  this  way  access  was  obtained  to  the  resultB  of  the  latest 
measurements  and  observations,  which  could  be  used  for  studies  and  for  the  prepa¬ 
ration  of  short-vena  forecasts.  This  exchange  of  data  was  the  reason  for  the 
establishment  of  a  "Arbeitagemeinschaft  Ionosphere"  (Working  Group  for  Ionospheric 
Studies),  whose  members  are  representatives  of  the  German  institutes  end  of  the 
Farnraeldetachnisches  Zentralamt.  According  to  the  statute  the  Fernmeldeteohnisohes 
Zantralemt  was  entrusted  with  the  work  of  the  secretariat  which  is  responsible  for 
the  Ursigram  service.  This  latter  service  which  had  already  been  recommended  by 
the  IJRSI  some  years  before  and  which  was  first  taken  up  in  Prance,  has  since  been 
performed  together  with  the  URSI  along  the  lines  recommended  by  the  CCIR.  At  the 
beginning,  the  data  were  encoded  by  means  of  a  code  developed  on  consultation  with 
the  institutes.  In  1952  this  code  was  modified  in  co-operation  with  the  other 
European  Ursigram  Centres,  i.e.  with  the  Paris  Centre  and  NERA,  and  adopted  as 
European  Ursigram  code.  The  French,  Dutch  and  German  PTT  Administrations  worked 
together  in  the  preparation  and  distribution  of  the  Ursigrame,  which  comprised  the 
results  of  solar  and  geophysical  observations  carried  out  in  France,  the  Nether¬ 
lands  ,  Austria  and  Germany.  In  the  attempt  to  turn  the  Ursigram  service  into  a 
world-wide  service,  the  observation  data  attained  in  the  United  States  of  America 
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were  passed  on  to  the  Centres  by  telegram  or  airmail.  Up  to  the  taking  over  cf  * 
post  in  the  IFR3  at  Geneva  in  1955,  Herr  Dipl.-Ing.  W.  Menzel,  the  first  secretary 
of  the  "Working  Group  for  Ionospheric  Studies"  devoted  much  time  to  the  establish¬ 
ment  of  the  Ursigram  service.  In  1956  the  Ursigram  Committee  of  the  URSI  combined 
the  regional  Ursigram  Services  existing  in  the  USA,  Japan  and  Europe  to  fon.  \ 
world-wide  international  Ursigram  service.  Agreement  was  reached  on  a  uniforr  lay- 
oat  of  the  contents  and  a  uniform  code  to  be  used  for  the  Ursigrams.  After  tho 
fusion  of  the  Ursigram  service  with  the  World  Days  Service,  which  had  been  sei,  n 
at  the  same  time  and  in  which  the  Femmeldetechnisohes  Zentralamt  st  Darmstadt 
participated  as  Regional  Warning  Centre  (RWC)  during  the  IGY,  the  Fernmeldetechni- 
sches  Zentralamt  became  a  Regional  Warning  Centre  of  the  IUWDS.  In  the  course  of 
time  the  Prediction  Service  of  the  Fernmeldetechnisches  Zentralamt  could  thus  gain 
access  to  a  growing  number  of  global  solar  and  geophysical  measurement  and  observa¬ 
tion  data,  the  quality  of  which  improved  very  much  with  the  progress  made  in  re¬ 
search  and  the  technical  possibilities  of  measurement  so  that  the  forecasts  could 
be  based  on  more  reliable  information. 

Re  2) 

Contrary  to  the  former  method  where  a  forecast  was  only  issued  if  required,  i.e.  in 
the  event  of  forthcoming  disturbances,  propagation  conditions  are  now  forecast  for 
each  day,  even  if  there  are  normal  conditions.  According  to  the  former  method  a 
forthcoming  disturbance  was  announced  in  plain  language,  but  today  quality  figures 
are  used  to  characterize  the  radio  propagation  conditions  in  daily  and  weekly  fore¬ 
casts.  In  this  way,  every  Friday  the  day  and  night  conditions  for  the  overseas 
traffic  to  USA,  South  America  and  East  Asia  as  well  as  for  the  European  traffic  are 
forecast  by  quality  figures  for  10  days  in  advance,  i.e.  with  three  days'  overlap¬ 
ping.  As  far  as  the  European  traffic  is  concerned,  the  night  conditions  are  indi¬ 
cated  separately  for  high  frequencies  where  the  influence  of  the  MUF  prevails  and 
for  low  frequencies  where  the  influence  of  the  IUF‘ prevails.  Quality  figure  6 
stands  for  the  normal  conditions  which  correspond  more  or  Ibbs  to  the  transmission 
frequency  range  shown  in  the  monthly  prediction.  For  quality  figures  greater  than 
six  an  expansion  of  the  transmission  frequency  range  with  growing  field  strengths 
is  to  be  expected  whereas  quality  figures  below  6  Indicate  the  narrowing  of  the 
transmission  frequency  range  with  decreasing  field  strengths. In  the  case  of  the 
10-day  forecasts,  the  so-called  weekly  forecasts,  for  the  first  seven  days  the 
events  observed  on  the  sun  are  evaluated  with  respect  to  those  observed  during 
the  preceding  solar  rotation.  Thus,  allowance  is  made  for  the  behaviour  of  new  and 
changed  centres  of  solar  activity.  These  weekly  forecasts  are  currently  corrected 
by  daily  forecasts.  Up  to  31  March,  1969,  they  were  issued  twice  a  day,  i.e.  in 
the  morning  for  the  day  and  the  following  night  and  in  the  afternoon  for  the  night 
and  the  following  day.  These  periods  correspond  with  the  geographical  position  of 
the  radio  paths  and  thus  with  the  utilization  of  the  day  and  night  frequencies. 
Contrary  to  the  weekly  forecasts,  in  which  day  and  night  conditions  are  each  ex¬ 
pressed  by  one  quality  figure,  the  daily  forecasts  comprise  two  quality  figures 
for  each  period  of  time.  The  first  quality  figure  characterizes  the  propagation 
conditions  at  the  beginning  of  the  forecasting  period  and  the  second  indicates  the 
approximate  quality  at  the  end  of  the  period,  i.e.  the  comparison  of  the  two  figures 
indicates  the  development  tendency.  It  should  be  mentioned  that  a  description  of 
the  propagation  conditions  existing  during  the  preceding  week  (review)  is  attached 
to  the  weekly  forecast. 

Re  3) 

Since  the  assumption  that  in  the  event  of  flares  the  sun  can  cause  a  substantial 
increase  of  the  cosmic  ray  intensity  proved  true  after  1945,  measurements  of  the 
cosmic  rayBhave  been  continued  and  the  measuring  equipment  has  been  improved  in 
the  course  of  time.  For  instance,  the  great  effects  of  19  November,  1S49  and  of 
23  February,  1956  were  measured  by  means  of  the  equipment  available  to  the  Fern- 
m^ldetechnisches  Zentralamt  on  the  Predigtstuhl  and  on  the  Zugepitzc .  These  data 
were  oublished  together  with  the  related  ionospheric  phenomena.  Since  that  time 
special  interest  has  been  taken  in  the  polar  cap  absorption  effect  discovered  by 
D.  K.  Baily.  However,  when  it  became  apparent  that  in  our  latitudes  the  GeV  effects 
to  be  measured  on  the  ground  do  not  occur  very  often,  efforts  have  been  made  to 
observe  the  polar  cap  absorption  by  recording  high-latitude  VLF  propagation  as  pro¬ 
posed  by  Lange-Hesse.  As  for  cosmic  rays,  the  more  frequent  modulation  effects  seem 
to  be  of  interest  to  the  forecaster.  In  addition  to  the  Forbush  effect,  the  changes 
in  the  diurnal  variations,  which  are  interpreted  as  anisotropy  effect,  and  the 
modulations  with  the  solar -rotation ,  confirmed  by  the  great  eruption  on  23  February, 
1956,  furnish  further  information  for  forecasting  purposes.  I  need  not  explain  it 
in  detail,  because  it  will  be  dealt  with  in  my  second  paper. 
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Re  4) 

ab  early  as  194-3  the  Norddelch  coast  station  prepared  regional  statistics  ?:£  the 
propagation  conditions  as  a  function  of  frequency,  which  lead  to  systematic  ob¬ 
servations  of  the  transmission  frequency  range.  The  resulta  of  these  observations 
were  used  to  derive  an  objective  quality  figure  indicating  a  functional  relation 
between  the  mean  field  strength  and  the  quasi  MOP  and  LOP.  It  first,  the  observa¬ 
tions  of  the  transmission  frequency  range  were  carried  out  by  the  Radio  Monitoring 
Service.  Later  on,  the  method  was  improved  by  a  Radio  Propagation  Observation 
Station,  which  was  set  up  especially  for  this  purpose  and  which  is  now  part of  the 
Overseas  Radio  Receiving  Station  at  Lttchow.  Thus  it  has  been  possible  to  distinguish 
between  the  world-wide  propagation  conditions  and  those  measured  locally  by  an 
ionospheric  station. 

Re  5) 

It  proved  more  and  more  useful  to  take  not  c  .ly  individual  events  as  prediction  in- 
dicatorc,  but  additionally  to  prepare  a  synoptic  of  the  development  tendency  of  the 
different  prediction  parameters,  to  use  it  according  to  "selection  frequency  sta¬ 
tistics"  and  to  work  according  to  the  sentence  "similar  situations  yield  similar 
effects",  which  is  applied  in  meteorology,  as  long  as  the  physical  interrelations  are 
not  sufficiently  explained. 


Rc  6) 

fhe  participation  in  the  International  Ursigram  and  World  Days  Service  as  Regional 
Warning  Centre  during  the  IGY  and  the  IQSY  enlarged  the  knowledge  of  solar  ter¬ 
restrial  influences  and  their  world-wide  effects  and  increased  'he  activity  of  the 
co-operating  scientific  institutes  in  this  fisld.  This  activj.ty  has  been  very 
valuable  for  the  forecasters.  The  fact  that  the  RWC  did  not  work  around  the  clock 
and  that  it  was  closed  on  Sundays  and  holidays  sometimes  proved  to  he  disadvan¬ 
tageous  for  the  preparation  of  the  daily  advices.  Although  the  UrsigrsnB could  be 
passed  on  via  other  channels,  the  advice  and  the  daily  forecasts  had  to  he  issued 
some  days  in  advance.  For  this  reason  the  probability  of  lucky  hits  of  the  fore¬ 
casts  varied  from  75#  to  less  than  50#. 


Re  7) 

During  the  IQSY  solar  observatories  began  with  short-term  oolar  predictions  in  the 
form  of  the  eolactivity  Alert;  long-term  forecasts,  i.e.  monthly  forecasts  were 
made  by  Dodson,  liichard  and  Giovanelli.  After  the  IQSY  Sveska  and  Simon  continued 
to  improve  the  methods  of  solar  predictions  in  conjunction  with  the  proton  flare 
project.  The  objective  of  these  improved  methods  is  to  forecast  Individual  flares. 

Ionospheric  forecasts  have  been  considerably  improved  and  facilitated  by  the  fact 
that  today  similar  forecasts  are  also  regularlj  issued  by  solar  observatories 
which  concentrated  formerly  on  scientific  studies  and  supported  the  ionospheric 
forecast  services  only  hy  furnishing  observation  data. 

Re  8) 

in  tne  firbt  half  of  1950’s  attempts  were  already  made  to  enlarge  the  contents  of 
the  forecasts  by  adding  quality  figures,  which  indicate  approximately  the  mean 
variation  of  field  strength.  At  first  it  was  tried  to  add  the  percentage  variation 
of  the  MUF  and  LUF  of  the  inaividual  periods  to  the  daily  forecasts.  On  consulta¬ 
tion  with  the  operational  services  these  trials  were  discontinued  after  it  was 
found  that  an  extrapolation  in  time  for  the  12-hour  forecasting  period  wao  not 
accurate  enough.  With  effect  from  1  April,  1969  the  development  tendency  of  the 
upper  and  lower  limits  (MUF  and  LUF)  of  the  transmission  frequency  range  has  been 
indicated  relatively,  i.e.  it  is  stated  whether  it  is  positive  or  negative  with 
respect  to  the  monthly  prediction.  Moreover,  the  contents  of  the  forecast  is  now 
explained  in  plain  language  and  the  daily  foreoasts  are  only  issued  once  a  day. 
Corrections  are  published  if  there  are  unexpected  changes  of  the  solar  terrestrial 
events  or  the  development  tendency  of  the  propagation  quality.  However,  this  is 
only  possible  during  office  hours  between  0630  to  1545  GMT,  but  not  on  Saturdays, 
Sundays  and  holidays. 
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SOMMARX 

The  Omega  Navigation  System  which  will  be  implemented  by  the  early  1970 *s  is  expected  to  have 
a  root-mean- square  position  error  of  about  one  nautical  mile.  This  small  error  can  be  attained  if 
good  skywave  corrections  and  good  forecasts  of  solar  and  ionospheric  activity  are  available.  Reli¬ 
able  sunspot  number  forecasts  will  be  needed  at  least  one  year  ahead  because  the  sunspot  number  is 
usnd  to  compute  the  skywave  corrections  which  require  about  one  year  for  computation ,  printing,  and 
distribution.  Thus,  poor  estimates  of  sunspot  number  create  position  errors  which  persist  for  the 
life  of  the  associated  skywave  correction  tables.  Reliable  forecasts  of  SID's  and  PCA's  art  needed 
so  that  Omega  navigators  can  be  warned  of  expected  pocr  navigation  conditions.  SID  and  RCA  fore¬ 
casts  must  be  made  at  least  one  day  ahead  so  that  they  can  be  distributee  by  radio  messages.  These 
Omega  forecast  requirements  are  discussed  relative  to  application  and  user  response. 
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IONOSPHERIC  FORECAST  REQUIREMENTS  OF  THE  OfcEGA  NAVIGATION  SYSTEM 

V.  K.  Noankester* 

E.  R.  Swanson* 

I.  INTRODUCTION 

The  United  States  Navy  has  developed  a  world-wide  navigation  systea  called  the  Onega  Navigation  System.* 
The  Onega  system  uses  very-lcw-frequency  (vlf)  radio  waves  and  can  provide  a  geographic  position  fix  any¬ 
where  at  any  time  aboard  an  airplane,  a  land  vehicle,  an  ocean  vessel,  or  submerged  submarine.  Hie  root- 
mean  re  quare  fix  error  is  expected  to  be  about  one  nautical  mile.  '  Anyone  of  any  nationality  will  be 
able  to  use  the  navigation  system  by  securing  an  Onega  radio  receiver  with  appropriate  charts  and  tables. 
Onega  has  been  approved  for  implementation  and  the  eight  stations  necessary  for  global  coverage  will  be 
installed  and  operating  at  full  design  power  of  10  kK  in  the  early  1970 's.  Presently,  four  stations  are 
providing  useful  navigation  information  over  an  area  of  approximately  fifty  million  square  miles. 

This  paper  will  discuss  the  basic  principles  of  the  Onega  system  and  seme  sources  of  error  in  a  posi¬ 
tion  fix.  The  ionospheric  forecast  needs  of  the  system  will  then  be  discussed  relative  to  the  time  regime 
of  information  dissemination  and  the  expected  response  of  Onega  users  to  ionospheric  forecasts. 

II.  THE  OMEGA  NAVIGATION  SYSTEM 

omega  operates  in  the  vlf  radio  band  between  10  and  14  kHz.  Transmissions  ,f  about  one  second  dura¬ 
tion  are  time-shared  by  variais  transmitting  stations  within  a  ten-second  commutation  pattern  at  10.2  kHz 
(figure  1).  Coherence  is  achieved  by  using  severed  atomic  frequency  standards  at  each  station,  together 
with  appropriate  control  procedures,  so  that  all  stations  may  be  held  to  an  agreed  international  time  base. 
Accordingly,  each  station  is  a  source  of  precise  time  and  a  "master-slave"  distinction  such  as  used  in 
Loran  is  not  made.  Although  the  system  can  be  used  for  range-range  navigation,  the  system  is  normally 
used  in  the  hyperbolic  mode  in  which  phase  differences  are  measured  between  signals  received  from  various 
pairs  of  transmitters.  Hyperbolic  geometry  is  employed  primarily  because  it  eliminates  the  need  for  pre¬ 
cise  time  at  the  navigation  receivers.  One  feature  of  the  hyperbolic  configuration  is  that  lines  of  con¬ 
stant  phase  difference  will  repeat  every  one-half  carrier  wavelength  along  the  great  circle  between  the 
transmitters  (baseline)  and  at  slightly  greater  distances  elsewhere.  Because  it  is  inherently  impossible 
to  measure  the  integral  cycle  differences  between  Onega  signals  from  two  transmitters  at  one  frequency, 
the  fix  provided  is  ambiguous  by  multiples  of  one-half  the  wavelength ,  or  eight  miles  at  10.2  kHz.  The 
ambiguity  is  not  normally  significant  because  measurements  are  made  continuously  and  hence  the  various 
integral  cycle  differences  (lanes)  can  siitply  be  counted  as  they  are  traversed.  In  the  event  of  short 
outages,  normal  dead  reckoning  or  other  navigational  information  can  be  used  to  resolve  th. ■  lane  ambiguity. 
If  conventional  techniques  for  lane  resolution  fail,  the  Omega  system  provides  a  method  to  determine  the 
approximate  position.  Each  Omega  transmitter  will  transmit  pulses  of  vlf  wave  packets  at  10.2,  11.33  and 
If. 6  kHz  as  shown  in  figure  1.  By  obtaining  the  phase  difference  between  two  pairs  of  transmitters  at 
each  frequency  a  unique  position  can  be  obtained  within  an  area  of  over  ten  thousand  square  kilometers. 

This  is  possible  because  each  frequency  has  a  set  of  hyperbolic  lines  of  slightly  different  lane  width 
within  which  only  one  common  hyperbolic  line  can  satisfy  the  phase  difference  measurements  of  all  frequen¬ 
cies.  This  signal  format  also  provides  a  method  of  station  identification  because  the  pulses  have  a 
slightly  different  c  ration. 


III.  CHEGA  FIX  ERROR  SOURCES 

Very- low-frequency  radio  waves  propagate  in  the  earth- ionospheric  waveguide.  The  phase  velocity  is  a 
function  of  the  surface  conductivity  and  the  distribution  of  conductivity  in  the  ionosphere.  The  iono¬ 
spheric  conductivity  is  r.  function  of  the  time  of  day,  season,  sunspot  number,  and  geomagnetic  conditions. 
Ionospheric  disturbances  can  alter  the  ionospheric  conductivity  considerably.  An  cmega  user  is  provided 
with  corrections  to  the  phase  difference  measurements  which  will  account  for  the  difference  between  the 
standard  phase  velocity  used  to  prepare  the  navigation  charts  and  the  phase  velocity  expected  at  a  par¬ 
ticular  location  and  time.5  These  tabulated  corrections  are  called  skyvave  corrections  and  are  functions 
of  the  time  of  day,  season,  sunspot  number,  geographic  region  and  transmitters  being  monitored.  The  pres¬ 
ence  of  highly  predictable  phenomena  such  as  solar  eclipses  might  also  be  indicated  in  future  tables. 
Techniques  axe  constantly  being  evaluated  lor  improving  the  skywave  corrections « 

If  any  part  of  the  waveguide  deviates  from  the  assumed  waveguide,  the  phase  beyoni  that  point  will  de¬ 
part  from  that  predicted  and  will  cause  position  fix  errors.  Sources  of  waveguide  pe:*turbations  causing 
Omega  fix  errors  include  sudden  ionospheric  disturbances  (SID's) ,  polar  cap  absorption  -vents  (PCA's) ,  and 
“rrers  in  the  predicted  long-term  sunspot  r.iasber  (R) . 

Although  Omega-fix  errors  can  be  caused  by  errors  in  predicting  the  phase  velocity  ever  one  or  more 
vlf  paths,  the  following  examples  of  the  effect  of  SID's  and  PCA's  on  Omega  propagation  and  position  error 
are  given  for  a  single  path  for  simplicity. 

The.  effect  of  SID's  or,  an  Omega  position  fix  is  illustrated  in  figures  2  and  3.  Figure  2  shows  a  de¬ 
crease  of  at  least  30  us  in  the  propagation  time  of  the  10.2  kHz  signal  from  Trinidad  to  Forestport,  New 
York,  by  a  flare  which  began  at  ISIS  GKT  on  September  29,  1968.  The  propagation  time  returned  to  normal 
in  about  l*s  hours. 

Kith  normal  hyperbolic  geewetsy,  a  30  us  decrease  at  Forestport  would  indicate  that  Forestport  moved 
about  3  nautical  miles  (5.5  ki»5  closer  to  Trinidad.  Receivers  making  phase  difference  measurements  for 
transmissions  from  these  Cmega  transmitters  at  other  locations  would  note  an  apparent  position  change  dur¬ 
ing  the  flare.  The  magnitude  and  direction  of  this  change  depends  on  the  location  of  the  receiver  and  the 
effect  of  the  flare  no  the  phase  velocity  along  the  vlf  paths  to  the  receiver.  However,  some  position 
error  nay  be  introduced  by  the  flare  at  most  locations. 
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A  type  of  solar  flare  activity  which  seriously  degrades  Onega  navigation  is  the  "M"  type  event  as 
illustrated  in  figure  3.  Figure  3  shews  that  the  propagation  time  from  Trinidad  to  Forestport,  Now  York 
gradually  decreased  nearly  20  ms  below  normal  about  2  hours  after  the  solar  x-radiation  started  increasing 
at  10S6  GMT  on  April  10,  1969.  The  propagation  time  remained  abnormal  for  about  12  hours  and  did  not 
return  to  normal  until  after  sunset.  This  abnormal  propagation  was  associated  with  a  class  3  flare  having 
excess  x-radiation  for  over  8  hours.  Although  rare,  such  events  are  significant  primarily  because  of  their 
extended  duration. 

A  more  persistent  and  a  more  serious  condition  which  can  degrade  Onega  navigation  is  the  polar  cap 
absorption  event  or  PCI..  Figure  4  shows  that  the  propagation  time  freo  the  Norway  Onega  station  to  Hawaii 
decreased  almost  60  ms  within  a  day  of  the  PCA  ccsmenc'aent  at  0900  GMT  on  June  9,  1968,  and  did  not  return 
to  normal  for  about  13  days .  A  60  us  decrease  in  propagation  time  at  Hawaii  would  indicate  that  Hawaii 
apparently  moved  about  6  nautical  miles  (11  km)  closer  to  Norway. 

The  rate  of  change  in  the  propagation  time  during  the  onset  of  a  PCA  on  November  18,  1968  is  shown  in 
figure  5  for  the  Norway  to  Hawaii,  path.  The  maximum  decrease  in  propagation  time  was  about  80  us  and  was 
attained  in  about  3  hours  after  the  onset  at  1050  GMT.  The  apparent  motion  of  Hawaii  toward  Norway  was 
about  3  nautical  miles  (5.5  km)  per  hour  immediately  after  the  onset  for  a  total  change  of  about  8  nautical 
miles  (15  km) .  Erroneous  position  changes  of  these  magnitudes  must  be  made  known  to  Onega  navigators  by 
appropriate  ccnmunications . 

Another  source  of  error  is  long-range  prediction  of  average  sunspot  activity.  Onega  skywave  correc¬ 
tions  are  determined  from  both  theoretical  and  empirical  considerations  and  include  a  variation  of  phase 
velocity  with  sunspot  maber  R.  The  dependence  on  R  has  been  deduced  by  regression  analysis-  The  Onega 
phase  velocity,  relative  to  the  speed  of  light,  has  been  found  to  increase  by  about  2  x  10“®  Per  unit  R 
during  the  day  and  3  to  4  x  10-6  per  unit  R  at  night.  Although  the  changes  in  the  relative  velocity  per 
unit  R  are  small ,  the  effects  may  be  appreciable.  Predictions  of  the  maximum  R  may  be  in  error  by  as  much 
as  50  to  100  units.  The  relative  velocity  used  in  producing  worldwide  skywave  corrections  could  thus  be 
in  error  by  as  much  as  4  x  10-4  which  would  cause  errors  on  typical  paths  (3  to  6  thousand  kilometers)  of 
about  0.6  nautical  miles  (1.1  km)  while  errors  over  long  paths  casl*  exceed  one  nautical  mile  (1.9  Jan). 

Skywave  correction  tables  will  have  a  useful  life  from  one  and  three  years,  depending  or.  the  rate  of 
change  of  R.  Allowing  tim«»  for  modifications  in  the  prediction  model,  computation,  publication,  and  dis¬ 
semination  of  the  correction  tables,  R  must  be  predicted  cne  to  two  years  ahead.  Errors  of  the  magnitude 
given  above  are  probably  sufficient  to  cause  the  tables  to  be  recomputed  and  republished  at  considerable 
effort  and  expense. 

The  effect  of  more  typical  skywave  correction  errors  is  readily  evaluated.  If  the  coverage  area  for  a 
particular  station  pair  is  approximated  by  the  circle  for  which  the  baseline  is  a  diameter  and  plane  geome¬ 
try  is  assumed,  the  root-mean  -square  difference  in  propagation  distance  between  the  stations  throughout 
the  coverage  area  is  about  0.58  times  the  baseline.  In  the  implemented  system,  the  baselines  or  distances 
between  stations,  ordinarily  paired  in  hyperbolic  geometry,  will  be  almost  10  thousand  kilometers.  Hence, 
typical  measurements  in  the  isg-lemenbed  system  will  have  a  root-mean -square  propagation  path  length  differ¬ 
ence  e  of  about  5  thousand  kilometers.  For  expected  geometry,  the  error  contribution  from  sunspot  number 
uncertainty  will  be  approximate ly  e  x  10-3  x  5R  nautical  miles  where  6R  is  the  prediction  error  in  R. 

Because  the  nominal  system  accuracy  is  about  one  nautical  mile,  an  uncertainty  of  65  in  the  sunspot  rnrnber 
will  cause  a  typical  degradation  in  the  Cmega-fix  accuracy  of  about  5  percent. 

More  stringent  demands  are  placed  on  the  prediction  of  sunspot  activity  in  the  use  of  Cmega  for  time 
dissemination,  cmega  may  have  a  capability  of  disseminating  epoch  with  on  accuracy  on  the  order  of  1  to  5 
Ma4  ,6  when  the  epoch  determination  is  made  by  averaging  signals  from  severed,  stations.  In  this  case,  the 
average  propagation  path length,  not  the  typical  pathlength  difference,  is  important.  Because  several  sta¬ 
tions  would  be  used,  the  average  pathlength  would  be  about  6  to  9  thousand  kilometers  causing  the  timing 
uncertainty  to  be  about  (0.04  to  0.1}  SR  microseconds.  Thus,  if  time  dissemination  is  to  be  accurate  to  1 
us,  for  example,  SR  must  be  less  than  about  10R  units. 

The  need  for  forecasts  of  SID's,  PCA' a  and  R  will  be  discussed  in  the  next  section  relative  to  the  time 
delay  in  data  transmission  and  the  expected  attitude  of  the  O-ega  users  to  forecast  or  alert  messages. 

IV.  OPERATIONAL  GHEGA  FORECAST  REQUIREMENTS 

The  elements  which  control  the  operational  COega  forecast  requirements  are  the  time  delay  of  forecast 
dissemination,  the  ease  of  use  by  the  Gaega  user,  and  the  proven  reliability  of  the  forecasts.  Unless  suffi¬ 
cient  time  is  available  to  make  computations,  tabulate,  or  create  messages  is  response  to  an  ionospheric 
forecast,  a  forecast  is  obviously  of  no  use  to  the  Cmega  navigator.  Unless  the  special  forecast  messages 
are  relatively  simple  to  apply,  the  Cmega  navigator  may  make  mistakes  or  be  discouraged  in  applying  them. 

An  Omega  navigator  will  undoubtedly  ignore  forecasts  if,  after  exerting  effort  to  use  them  for  a  period, 
he  finds  the  forecasts  are  reliable  only  about  one-half  the  time.  These  elements  place  rather  stringent 
conditions  on  operational  Cmega  forecasts  of  ionospheric  perturbations. 

The  types  of  messages  generally  available  for  ar.  Cmega  forecast  ares  1)  the  skywave  correction  publica¬ 
tions,  2)  letters,  3)  radio  or  teletype  messages,  and  4}  reai-tiae  messages,  Skywave  correction  tabulations 
presently  require  about  one  year  from  initiation  to  complete  distribution,  -hese  publications  require  con¬ 
siderable  computer  and  printing  time  and  are  delivers!  to  cmega  recipients  by  regular  mail  delivery,  rat¬ 
ters  and  radio  or  teletype  messages  would  contain  forecast-  o')  short-term  disturbances.  Letters  can  usually 
be  used  if  one  to  two  weeks  were  available  before  the  exp.ctod  ionospheric  disturbance  while  radio  or  tele¬ 
type  sassages  can  be  used  if  a  one  to  two  day  forecast  is  made.  Real-time  weeswjes  using  a  warning  code 
are  not  expected  to  relay  any  detailed  foveoasts  unless  special  formats  are  developed.  The  warning  code  is 
not  expected  to  convey  more  disturbance  information  than  to  axert  cmega  risers  that  an  ionospheric  disturb¬ 
ance  is  in  progress.  Table  1  shows  the  type  cf  forecasts  Required  relative  to  the  forecast  lead  time  and 
tbs  method  of  information  distribution. 


Table  1.  The  lead  tine  and  forecast  distribution  method 
for  major  elements  influencing  Onega  navigation 


Required 

Forecast  Leeu  Time 

Method  of  Forecast  Distribution 

1. 

Sunspot  number  R 

1  to  2  years 

Publication 

2. 

Solar  flare  events 
(SID's,  PCA's,  etc.) 

1  'o  2  days 

Radio  message 

3. 

Existing  ionospheric 
disturbance 

-  ------ 

Alerts  by  Omega 
warning  code 

Because  of  the  one  to  two  year  lead  time  to  publish  and  disseminate  the  skywave  corrections,  forecasts 
of  R  are  required  up  to  two  years  ahead .  If  reasonable  errors  are  made  in  the  R  forecast  they  would  not 
be  obvious  to  the  Cnega  navigator.  It  would  be  difficult  to  revise  the  jkywave  corrections  after  solar 
observations  verify  that  error**  in  the  sunspot  number  prediction  have  been  made  and  better  predictions  are 
available. 

Ionospheric  forecasts  of  SID's  and  PCA's  would  probably  be  relayed  to  Omega  navigators  by  radio  mes¬ 
sages  because  these  disturbances  are  not  expected  to  be  forecast  more  than  one  or  two  days  ahead.  Until 
forecast  techniques  improve ,  letters  will  probably  have  little  use  in  relaying  forecasts. 

For  PCJi's  and  SID's  of  high  probability,  messages  are  expected  to  provide  general  statements  on  the 
expected  position  errors,  to  give  the  probability  level,  and  to  give  their  probable  magnitude  and  duration. 
These  probability  forecasts  cculd  be  used  by  an  CSnega  navigator  to  avoid  obtaining  a  position  fix  curing 
an  SID,  to  avoid  polar  tinega  paths  during  PCA's  if  possible  or  to  make  use  of  other  navigation  techniques 
available  during  the  forecast  period. 

Probability  forecasts  on  ionospheric  disturbances  are  likely  to  be  used  only  if  the  Gaeca  user  has 
found  them  to  be  reliable.  Thus,  the  Omega  system  forecast  message  center  is  likely  to  avoid  sending  fore¬ 
casts  ca  ionospheric  disturbances  unless  the  forecast  is  based  on  proven  techniques  and  the  probability 
level  is  high  that  an  event  will  occur  which  will  influence  Onega  transmissions-  An  Crega  navigator  may 
not  always  be  able  to  determine  if  a  disturbance  is  in  progress  unless  a  special  alert  is  transmitted  to 
him.  Real-time  alerts  to  the  Omega  users  may  also  increase  their  confidence  in  the  forecasts  which  are 
based  on  proven  techniques. 

V.  OTHER  POSSIBLE  CKEGA  FUNCTIONS 

The  previous  sections  have  discussed  the  ionospheric  forecast  needs  of  the  basic  Omega  system  to  be 
implemented  in  the  early  1970's.  Seme  special  applications  using  Omega  are  also  being  considered.  Oceano¬ 
graphic  surveys  will  profit  from  Onega  navigation  although  it  is  not  always  essential  to  have  accurate  fix 
information  available  when  the  survey  is  being  conducted.  It  may  be  essential  to  reconstruct  an  accurate 
track  of  a  ship  several  months  after  completion  of  a  survey.  Although  this  application  does  not  require 
ionospheric  forecasting  it  can  profit  from  confirmation  of  ionospheric  conditions  during  the  survey.  To 
satisfy  this  requirement  detailed  records  from  a  data  collection  agency  are  needed.  This  agency  could 
presumably  work  as  an  adjunct  to  the  forecasting  center. 

Other  systems  are  being  investigated  which  use  remote  receivers  that  telemeter  basic  phase  information 
from  Omega  signals  to  a  central  point  where  the  receiver  position  is  determined.  The  Onega  Position  Loca¬ 
tion  Experiment  (OPLE)  and  Position  Location  And  Communications  Experiment  (PLACE)  being  conducted  by  NASA 
are  examples. 7 »8 

The  development  of  a  central  computing  facility  with  an  extensive  telemetering  network  could  provide 
many  useful  functions.  For  example,  if  the  central  computer  is  provided  immediate  data  from  a  geophysical 
and  solar  data  collection  agency,  substantial  data  can  be  evaluated  and  synthesized  in  real  time  and  esn 
be  used  to  produce  global  propagation  predictions  in  real  time.  A  navigation  system  using  reel-time  propa¬ 
gation  predictions  would  be  more  accurate  than  ordinary  Omega.  The  same  computer  could  also  produce  an 
up-to-date  history  of  geophysical  conditions  which  would  also  be  valuable  for  ionospheric  forecasting. 

Because  each  Omega  station  will  constantly  monitor  transmissions  from  all  other  stations  continuously, 
the  Onega  system  may  provide  its  own  system  for  detecting  the  presence  of  ionospheric  disturbances-  This 
self-supporting  detection  has  not  received  intensive  examination.  If  an  Omega  ionospheric  disturbance 
detection  system  is  developed,  the  disturbance  information  would  be  available  to  anyone  having  appropriate 
Omega  radio  receivers, 

VI,  CONCLUSIONS 

The  Omega  Navigation  System  needs  good  forecasts  of  the  soaspot  number  at  leau-t  one  year  ahead  and  if 
reliable  probability  forecasts  of  sudden  ionospheric  disturbances  or  polar  cap  absorption  events  could  be 
provided  at  least  one  day  ahead,  utility  should  be  enhanced.  These  lend- time  requirements  result  from  the 
methods  available  to  calculate  and  disseminate  the  skyvave  correction  manual  and  the  time  required  to  dis¬ 
seminate  radio  messages  to  Omega  users .  A  major  problem  will  be  to  select  those  forecasts  of  ionospheric 
disturbances  which  will  have  the  greatest  probability  of  success  so  that  Gcoga  navigators  will  learn  to 
respect  and  respond  to  the  forecasts, 

A  system  to  alert  all  Onega  users  of  on-going  disturbances,  should  further  enhance  system  utility. 
Messages  to  tha  Omega  system  at  the  cowmen cament  and  termination  of  disturbances  from  scattered  worldwide 
sensors  would  aid  the  Omega  system  to  determine  if  alerts  should  be  transmitted  crye r  the  Omega  warning 
channel. 
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Figure  2. 


The  relat^ve  pJlase  of  10-2  kHz  signals  transmitted  from  Trinidad  to  Forestport,  Hew  York 
on  September  28  and  29,  1S68.  The  effect  of  a  class  2  flare  at  1615  GMT  on  September  29 
is  shown.  The  undisturbed  day  on  September  28  is  shown  for  comparison. 
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jure  3.  The  relative  phase  of  10.2  kHz  signals  transmitted  from  Trinidad  to  Forestpurt,  New  York, 
on  April  9  and  10,  1969.  The  effect  of  a  "M"  type  event  commencing  at  1056  GMT  on  April 
10  is  shown.  The  event  was  associated  with  a  class  3  flare  having  excessive  x-radiation 
for  over  8  hours.  The  undisturbed  day  on  April  9  is  shown  for  comparison. 
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Figure  4.  The  relative  phase  of  10.2  kHz  signals  transmitted  frcm  Norway  to  Hawaii  during  a  PCA 
event  cowmen ring  June  9,  1968  at  0900  GMT.  The  normal  relative  phase  was  about  60  us 
for  1000  and  2200  GMT  during  this  period. 
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Fig'tce  S.  The  relative  phase  of  10. 1  kHs  signals  transmitted  from  Norway  to  Hawaii  daring  a  PCA 
event  which  started  about  1050  GMT  on  November  18,  1968.  The  undisturbed  day  on  Novel 
17,  1968  in  shown  for  comparison. 
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lonoipherio  predictions  srs  prepared  hy  the  Marconi  Company  primarily  *or 
«wwt<' •  dona  ay* tea  planaing  to  meet  customers*  requiriaant*.  far  this  purpose 
Mott  frequency  and  sigsal-to-naisa  ratio  predictions  sre  require*  at  extreme 
ionospheric  conditions.  Frequencies  are  no*  prediotal  ust'g  the  C.C.I.B.  Atlas, 
Msport  3VO.  3jgoaI  field  strengths  on  selected  frequencies  are  predicted  hy 
nggott's  teohaique  and  are  then  referred  to  the  noise  field  strengths  fron 
C.C.I.B.  Report  322  to  glee  elgnal-to-nodse  ratio#.  »ia  wsy  of  showing  the 
espeotsd  terries  is  moire  useful  for  oircuit  planning  purposes  than  methods  which 
indicate  the  M7. 
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1.  UTEODOCTIOl 

Ienositario  jmdioticna  a m  uaed  Vj  live  Xarooni  Company  to  the  prooem  of 
planning  H.P.  oowunioatioss  and  broadcasting  installation*.  Tha  ssttoeted  coat 
of  a  new  installation  depends  in  part  on  the  lowoat  required  frequency,  and  hence 
on  tha  aataana  also  sad  tha  met  height,  and  an  tha  fcsnmitter  po war.  Tha** 

requirawnts  nap  ha  predicted  and  tha  equiposnt  apaoifiad  accordingly.  Trm  tha 
prediction*  a  oonplemnt  cf  frequency  sllooation*  my  also  ha  suggested  aa  that 
application  for  oaa  of  the  frequencies  and  tha  specification  of  tnacad  antennas  my 
prooasd  hafora  tha  equignent  la  installed. 

Predictions  are  aada  *y  a  wanuel  eyaten  and  tha  prooasaaa  and  presentation* 
ham  routined  essentially  on  changed  foa?  about  8  years.  During  this  tiar.  the  need 
for  pradiotad  infomation  has  apparently  hen  net  and,  if  it  is  paradsaihle  to 
judge  fro*  tha  aheaace  of  eonplaints,  tha  predictions  ham  been  of  adequate  accuracy, 
the  deaand  for  pradlotions  la  Increasing,  however,  and  tha  oonputer  program  far  m 
artoaated  prediction  system  is  nearing  completion. 

At  present  no  routine  rtonthly  predictions  are  being  aads  for  any  circuit  and 
the  work  is  concentrated  on  system  phoning  requirsnenta.  Thus  new  circuits  era 
always  beisy  oonaldarad  and  tha  pradiotad  infarnation  needs  to  ha  sufficient  to 
dsnonetrate  tha  availability  of  tha  oircuit  at  any  tins. 


2,  tee  rotes  tor  wacx  PHKE CIIOTS  A3S  XUS 

Predictions  are  aada  for  tha  two  solstioa  nontha  and  for  one  of  the  equinox**.- 
The  renal ning  ri'.'e  maths  of  tha  year  are  assunad  to  ham  ionospheric  otaraotaristioa 
-j  «*•»«•  to  or  totems  diets  hatwaan  tha  3  nontha  selected.  In  tenpermte  latitudes  toe 
parfomanoa  of  paths  shorter  than,  say,  4000  km  can  ha  aasaassd  hy  predictions  far  the 
solstice  non  the  only. 

Two  eztrans  tolar  cycle  conditions  are  included  in  the  pradlotions.  Sunspot 
Minims  prediction*  do  not  vary  significantly  fren  cycle  to  oyole  sine*  changes  to  tha 
Minima  values  of  tha  solar  or  ionosjhario  lndioas  used  are  quits  snail.  It  is 
desirable,  however,  to  use  jerediotion  data  which  are  based  on  tha  1964  nlnlwun  rather 
than  on  earlier  cycles  when  fewer  ionospheric  observations  wars  wads. 

Pfereoasts  of  tot  index  mines  at  eurapot  naxlmn  am  laaa  oartato  (l).  In  the 
last  yearn  of  cycle  19,  up  to  shout  19*5,  a*  index  corresponding  approxiaetely  to  a 
sunspot  number,  *12,  of  160  woe  adopted.  Since  than  a  lower  index,  Ijg  “  100,  hao 
bean  used  and  this  has  proved  to  ha  satisfactory  for  the  prevent  cycle. 


3.  msgcHicrr  Htcacnos 

frequency  arwdietiona  am  aada  hr  ooemntional  'control -point'  xethoda  (2).  Tha 
R  region  charts  in  C.C.I.H.  Eaport  340(3)  am  used,  oircuit  frequencies  sm  predicted 
fro n  the  values  mad  fren  toe  charts  for  the  aid-point  of  paths  shorter  than  4000  ha, 
and  for  oontrol  points  2000  to*  free  saoh  and  of  longer  paths.  Tha  astiaatad  junction 
frequencies  (EJ7J  for  paths  up  to  4000  ha  am  obtained  hy  tha  inter?  olati®.  procedure 
given  in  Deport  340.  The  B12  «  C  and  E12  -  100  charts  am  used  and,  for  gleaning 
purposes,  it  ia  not  naoaseary  to  use  the  interpolation  prooednm  for  other  index 
values.  Tha  72  melon  KPa  am  Multiplied  by  C.85  to  obtain  optima  working 
frequaaoiaa  (0*7). 

Prior  to  toe  publication  of  Deport  340  thy  Britteh  3.3.I.B.  prediction  chart* 
warn  used.  Tha  prooatoea  given  in  the  accompanying  Instructions  (4)  warn  followed 

interpolating  for  distance  and  for  other  index  values. 

A  mgpeto-xonxc  oorraoticn  (3)  ns  added  to  U»  frrtquenoies  predicted  for  start 
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*wgea  aUe*  the  sero-diatanoa  charts  provided  by  D.S.I.R.  were  for  the  ordinary  nods 
orltioal  frequency  foF2.  Bde  correction,  which  ia  already  iaduded  la  the  EJF(aero)K 
oherts  of  Report  340,  can  he  eooncnicilly  important  aa  It  laoraaaaa  the  predicted  value 
for  the  lowest  required  frequency.  However  it  ia  not  dwtqna  appropriate  to  as  stow  ' 
that  the  extraordinary  node  will  he  propagated  efficiently  ($,<  and  the  prediction 
prooaaa  could  he  improved  ty  taking  the  antenna  polarisation  and  path  orientation  into 
nocount. 

X  regia a  prediction*  are  obtained  fro*  Hggott’s  aonograan(7)  which  hare  horn 
converted  for  slide-rule  cnlculatica  (8).  Ala  netioi  ia  eosveniant  aa  the  k-faoturs 
are  alao  required  ior  the  absorption  leas  calculations.  Regrettably,  predictions  tar 
epasedio-I  propagation  oaaaot  ha  aada. 

IS*  predicted  frequency  information  ia  usually  pr* minted  ia  tko  fora  shown  it 
Kg,  1  where  the  diurnal  variation  of  OR?  ia  shown  for  the  selected  norths  ard  f»r  both 
extrc&e  tolar  index  valuns.  then  several  nodes  are  poaaihle  only  the  highest  frequency 
ia  usually  shone  hat  additictial  information  Is  provided  when,  for  example,  the  choice 
of  antwaaa  i*  likely  to  he  affected  h>  the  presence  of  aa  R  region  node  with  a  la* 
rediati<-.i  xagle. 


Trm  enrvas  such  as  Rig*  1.  sets  of  feequanoiea  nay  ha  selected.  A  suitable  choice 
for  *  fired  circuit  night  he  four  frequencies:  a  ni^st  end  a  day  frequency  tor  suneuot 
alriaun  conditions,  together  with  aa  intermediate  frequency,  which  nay  ha  used  at  night 
during  years  with  high  crons  pot  numbers,  cad  a  higher  frequency  for  *ay  use  in  those 
yew re. 

It  is  sonatinas  ocarenient  for  aobilo  or  bro recasting  purposes  to  shoe  he*  the  OR? 
Tories  with  dlatsnoe  and  the  preaontatioor  shown  in  Rigs.  2  and  3  are  then  used.  In 
ZLg.  2,  which  could  he  called  a  ntarlre  ship  distance  chert,  the  reduction  in  skip 
diiteaoo  due  to  the  X  node  is  aloe  shewn.  Sets  of  equidistant  aninathal  naps.  Rig.  3* 
are  produced  whan  required.  In  this  oase  the  X  region  frequencies  are  atom  and  nr* 
extended  to  40QC  hn, formi ug  a  composite  X  -  R1  node,  hy  using  a  diotenoe  faster  eiailar 
to  that  need  in  Report  340,  p.4<V.  In  this  way,  it  is  possible  to  avoid  dieoastinaities 
in  the  porasnatation  at  dlatnaaea  near  to  2000  km. 


4.  ETcBICnOBS  Of  SISKAL-TO-ROISS  PiKO 

Curran  shoving  the  diurnal  variation  of  eignal-to-noise  ratio  are  prepared  for  a 
met  of  selected  frequencies.  %e  curves  are  obtained  tram  predictions  of  sigial  field 
strength  and  of  ataoaphario  noise. 

field  strengths  arc  pradioted  hy  Piggoit's  Method  {7)  and,  again,  the  ooapntatiwaw 
are  gre^lly  facilitated  hy  see  of  tha  slid*  rule  designed  for  the  task.  She  aotire 
prvipaga*lco  nodes  are  oraaldexed  and  the  curves  *ve  only  shewn  far  J*riode  when  the 
node  is  available  i.e.  whan  tha  working  frequency  ia  hdre  tha  Of?  and  the  nod*  ia  net 
eeiCMsd  hy  a  lower  ionospheric  layer.  Bun  Z  nodes  with  oonperahle  strength  are 
p>wse"t  at  the  aane  tine,  for  exaaple  when  both  X  and  V2  propagation  la  possible,  tha 
signal  levels  arc  combined  ty  r.z.s.  addition.  Often,  kowerrsr,  it  ia  auffloiant  ta 
dononatxdte  continuity  of  oosanaii  cation  hy  making  predictions  far  as#  or  two  nodes  «aly. 
Kg.  4n  shows  the  signal  field  strengths  on  a  2200  '<*  pats  for  tha  one-hop  X  (l? 2) 
node.  The  gaps  is  the  lover  frequency  cam*  sear  nidaay  ate  due  to  S  region  sexeadng 
of  tide  node  hut  these  oculd  hare  been  filled  hy  considering  ether  nodes.  &is  work 
is  neneoesanxy  aa  higher  frequencies,  giving  a  hotter  serviee,  are  available  at  theeo 
tinea,  fkan  paths  of  about  3000  kn  arw  oonaidered,  S  regies  screening  is  eanatine* 
enough  to  prohibit  a  1R2  node.  Ia  aaoh  oases  more  complex  nodes  arw  calculated  to 
fill  the  gaps,  if  this  can  be  dote  with  signals  of  useful  strength.  It  is  -rarely 
neoeaaary  to  oonaider  node#  sore  complicated  than  the  2X  or  2R2. 

field  strength  prediotions  for  path  lengths  greater  than  4000  kn  are  obtained  by 
dividing  tha  path  into  the  wtutacw  number  of  equal  parts  ae  that  the  length  of  sash  part 
ia  leas  than  4000  kn.  Figgotti*  method  ia  used  to  oswpita  the  loea  in  each  part. 

9te  power  reference  laral  used  hy  Hggott  involves  a  complicated  desoriptiat  af 
tha  ref exemos  aar*.*l  and  has  proved  to  he  difficult  to  define  dearly  to  prospective 
ourunsrs.  Consequently  tha  reference  lord  has  hewn  ohaagad  to  1  kW  e.i.r.p.  (911 
this  ia  singly  obtained  ly  auhtraotUg  4.8  dB  from  tie  mabserbed  fidd  stran igtfen 
given  hy  Figgott. 

Atmospheric  ados  fidd  strengths  arc  obtained  from  C.C.I.S.  Report  322  (10). 
Minn  levels  are  usually  sufficient  hot  other  percentiles  are  jrediotsd  when  required, 
tte  fidd  strengths  ere  given  foe-  a  refereuoe  6  kfc  reeaivwr  bandwidth.  in  eaonyle 
ia  gfvri:  ia  Kg.  Ab.f  the  horiacntel  parts  of  the  curves  are  do#  to  the  galactic  noise 
level  or  t*  tha  aaurwed  level  cf  awwah  noise.  Report  322  gives  man-made  mdse 
levels  at  a  »qdet»  site  hut  the  higher  levels  quoted  by  Incas  sad  Bayba  (U)  are 


used  whan  appropriate. 

Median  signal  to  noise  ratio* ,  for  the  specif i*d  reference  power  and  bandwidth, 
are  given  by  the  ratio  of  the  signal  field  strength  to  the  ataospfeerlo  noise  field 
strength  and  nag  he  obtained  graphically  when  both  are  plotted  la  decibels  an  the 
sane  axes.  fig.  t-o  above  an  example  of  tha  final  presentation. 

C.C.I.R.  Stcomendatioas  539  and  34-0  (12)  give  the  required  signal  to  noise  ratio** 
in  the  mbs  specified  bandwidth,  for  various  classes  of  snissicn  and  these  figures  any 
he  extended  for  other  wcdulaticn  ayatewu  sad  for  snlti -channel  operation  (13). 

The  radiated  power  **y  he  dotercined  by  ocarparing  tha  required  aignal-to-nois# 
ratio  with  the  predictions  node  for  1  kV  e.i.r.p.  and  this  ooatparisan  will  indicate 
when  eccnonies  in  the  installation  could  he  aade  by  reducing  the  traffic  loading  at 
the  worst  tines. 


5*  KHfSST  USABLE  mftUHtCT 

Son*  prediction  ayatsas  give  the  daily  variation  of  the  lowest  usable  frequency  (LOT). 
Stile  this  is  probably  adequate  for  existing  circuit*  with  specified  equipments  and 
requirements,  it  is  Insufficient  for  high-speed  circuits  when  the  signal  dispersion 
keo cases  important  (l4)»  and  it  is  not  possible  to  scale  an  LUF  curve  for  other  powers 
or  jervice  roquireaents • 

She  time  dispersion  on  selected  frequencies  could  be  estimated  from  predictions 
of  sail  ah  signal  level  and  of  the  fading  variation  of  the  active  nodes;  this  technique 
is  not  yet  lu  use.  nevertheless  the  planning  advantage  of  showing  the  perfoaaaaoe  on 
selected  frequencies  io  valuable,  particularly  in  oases  share  the  circuit  loading, 
quality  or  availability  nay  be  adjusted  to  ueet  the  users'  resources. 


6.  ASTESSA.  SELECT! 01 

Information  is  supplied,  with  the  predictions,  at  typical  radiation  angle*  required 
far  As  nsin  propagation  nodes  on  each  oirouit.  This  ia  an  iaportant  factor  Asm 
selecting  the  beat  antenna  for  the  circuit,  than  watt  Bating  the  circuit  reliability 
full  account  is  taken  of  the  gain  of  the  tranasittlng  antenna  at  the  required  saiaath 
and  radiation  angle.  Appropriate  reoeiving  antennas  are  also  selected  but  *e  allovanoe 
la  aade  for  the  reoeiving  antenna  gain.  In  eons  oases  the  antenna  directivity  will 
inprove  tha  signal  to  atmospheric  noise  ratio,  bat  it  would  be  toe  optiaistio  if  full 
allowance  for  the  gain  vers  aade  (13),  Ksceiring  antenna  gain  and  directivity  ia 
is^ortant,  of  course,  in  reducing  interference  levels. 


7.  OOBCLSSIOSS 

fl»  prediction  systoa  has  been  in  use  for  several  years  rod  has  proved  satisfactory, 
Hhs>  Mncal  prediction  methods  are  aberrant! anal,  although  there  uay  be  few  other  organ! ta- 
tiona  ahich  use  Hggctt's  abearption  escalation  cathode  regularly,  and  at  leapt*  are 
node  to  uss  the  latest  available  data. 

Signal-to-ncise  ratios  are  predicted  on  a  timber  of  selected  frequencies  and  the 
prsaMitatioa  of  the  inforanttoc  ia  this  way  ia  acre  useful  for  aystwe  planning  purpose* 
than  altumativs  presaatatiocs  of  the  lowest  usable  frequency. 

She  csoani  for  pi  airing  predictions  is  increasing  end  an  automated  system  is  now 
being  progzeSHd, 
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Fig.1.  Diurnal  variation  of  optimum  Forking  frequency  in  the  two  solstices 
and  at  both  extremes  of  the  sunspot  cycle.  Kuwait  -  Khartoum 
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Fig. 4  Prediction  of  signed  to  noise  ratio  in  the  two  solstices  at  sunspot 

minimum.  Kuwait  -  Khartoum 

(a)  Variation  of  signal  field  strength  on  selected  frequencies 
for  1  kW  e.  i.r.c. 

(b)  Variation  of  median  atmospheric  noise  field  strength  in  a  6  kHz 
bandwidth  at  Khartoum. 


(c)  Median  signal-to-noise  ratios  obtained  from  the  aboze  curves. 
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SUMMARY 


Research  Group  D  33  (Ionosphere)  forms  part  of  the  Wave  Propagation  Department 
of  the  Research  Institute  of  the  PernneldetechnischeB  Zentralamt  (FTZ).  It  is 
oosoemefi  with  a  number  of  research  projects  in  the  field  of  ionospheric  wave 
propagation  and  solar-terrestrial  influences  on  wave  propagation.  In  the  Inter¬ 
national  Brsigraa  and  World-Days  Service  (ItJWDS)  the  Group  acts  as  a  Regional 
Warning  Center  (3.WC)  and  in  the  Spaceward  Network  as  a  Satellite  Regional 
Warning  Center  (SRWC). 

In  addition,  the  Research  Group  regularly  issues  monthly,  weekly  and  daily  radio 
predictions  and  forecasts  for  the  radio  stations  operated  by  the  Deutsche  Bun- 
deapoai  and  other  radio  services.  These  forecasts  are  based  on  a  great  number 
of  solar,  interplanetary  and  geophysical  data,  which  are  furnished  by  different 
institutions.  Thg  Group  has  some  field  stations  carrying  out  measurements  of 
ionospheric  wave  propagation,  gecnag jetic  activity,  solar  radio  emission  and 
coamlo-ray  intensity.  Tne  measured  values  are  evaluated  daily.  Some  of  this  work 
ia  done  by  electronic  computers.  A  short  description  iB  given  of  the  data  eva¬ 
luation  and  of  the  contents  ana  form  of  the  foreo&sts. 
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The  Porecasting  System 
of  the  E^rnmeldotaohnlacheg  Zaatralamt  t’PTZ) 

~  .  *y 

Alfred  Ochs*) 

Research  Institute  of  the  Fernmeldetechniscbes  Zentralamt 


1 .  ResponeiMlltlea  of  Research  Group  jP  33  of  the  PTZ  Research  Institute 

Research  Group  D  33  "lonorpherio  Studies"  forma  part  of  the  Research  Branch 
"Wave  Propagation"  of  the  FTZ  Research  Institute.  Its  responsibilities  (Pig.  1) 
comprise  researoh  work  in  the  field  of  ionospheric  wave  propagation  and  of 
solar-terrestrial  influenoeo  on  wave  propagation  as  well  as  the  preparation  of 
ionospheric  predictions  and  forecasts  for  the  assistance  of  the  Deutsohe  Bua- 
despoet  radio  stations  and  other  organisations.  The  national  end  International 
interchange  of  solar,  interplanetary  and  geophysical  measuring  data  is  closely 
connected  with  the  above  activities.  Thus  the  Research  Group  takes  pert  in 
the  International  UrSigram  and  World  Bays  Service  (IWDS)  ac  Regional  Warning 
Center  (3WG)  and  in  the  Spacewarn  network  as  Satellite  Regional  Warning  Center 
(SRWC). 

The  overall  responsibilities  of  the  Research  Group  are  summarized  below.  In 
the  following  eoctions  the  preparation  and  distribution  of  short-term  fore¬ 
casts  is  dealt  with  in  more  detail. 


1.1.  Research 


1.1.1.  Ionospheric  Wave  Propagation 

-  World-wide  variation  of  ionoapheric  characteristics  (e.g. 
dependence  on  the  earth's  magnetic  field) 

-  Pleld  strength  in  the  HP  hand 

-  Field  strength  in  the  MF  hand 

-  Propagation  above  the  classical  MOP  by  irregularities  in  the 
ionosphere  and  at  the  ground  (scatter,  etc.) 

-  Winter  anomaly  of  ionospheric  absorption 

1.1.2.  Solar-terreatrial  Relations 

-  Day-to-day  variation  of  MCF,  LU?  and  field  strength  on  different 
radio  circuits  (observation  of  the  transmission  frequency  range) 

-  Effect  of  solar  phenomena 

-  Precursors  of  ionospheric  disturbances 

-  Statistical  relations  between  various  phenomena  (solar,  inter¬ 
planetary,  coeaic-rey,  geomagnetic,  auroral  and  other  phenomena) 
and  ionoapheric  disturbances 

-  27-day  recurrence  tendency 

1.1.3.  Measurements 


-  Transmission  frequency  range  of  different  "directions’1 

-  Field  strength  recordings  of  selected  HP-transmitters 

-  long-distance  VLP  propagation 

-  Solar  radio  noiBe  at  two  frequencies 

-  Geomagnetic  activity 

-  Variations  of  coemic--rsy  intensity 


*)  Deputy  Chief  of  Researoh  Group  D  33  "Ionospheric  Studies" 
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1.2.  Ionospheric  Predictions  and  forecasts 

1.2.1.  Monthly  Predictions 

-  Median  receiving  field  strength  as  a  function  of  frequency  and 
time  of  day  (of.  fig.  2)  for  65  long-distanoe  radio  circuits 
(more  than  4000  tan)s  for  21  intermediate-distance  and  short- 
dlstanoe  radio  circuits  (lass  than  4000  lot)  and  for  regional 
radio  circuits  within  Europe 

-  Median  level  of  atmospheric  noise  aa  a  function  of  frequency  and 
time  of  day  for  a  receiving  station  In  Central  Europe 

1.2.2.  Weekly  and  Dally  Forecasts 

•  Meekly  foreoasts  of  radio  propagation  quality  during  day  and 
night  periods  for  different  "directions"  (i.e.  groups  of  radio 
oirouits) 

-  Daily  forecasts  for  the  same  "directions" 

1.2.3.  -Predictions  and  forecasts  for  Special  Purposes 

at  request 


1.3.  Interchange  of  Data 


1.3.1.  Regional  Warning  Center  in  the  International  Uraigram  and  World- 

Days  Service  (luWi&j 

-  Collecting  end  ooding  of  the  data  furnished  by  German  and  Austrian 
Institutes 

~  Interchange  oi  coded  data  with  the  other  RWO's  and  the  ARWO's 
(Associate  RWO's)  at  Stockholm  and  Prague 

-  Preparation  of  regional  Oreigramu  and  passing  on  of  the  latter 
to  the  interested  institutes 

-  Issue  of  the  advice  for  the  Geoalert  and  transmission  cf  the 
latter  to  the  World  Warning  Agency  at  Boulder,  Colorado 

-  Passing  on  of  Advance  .Herts  and  Geoalerts  to  institutes,  RWO's 
and  ARWO's 

1.3.2.  Satellite  Regional  Warning  Center  (SRWQ)  in  the  Spacewarn  fretwork 

-  Distribution  of  announcements  on  satellites,  launched  in  the 
Eurcafrioan  region,  to  the  other  SRWC'a  and  the  observation 
stations 

-  Passing  on  of  the  announcements  received  from  other  regions  to 
the  observation  stations  of  the  own  region 


2.  Data  Received  Dally 

A  great  number  of  the  latest  data  concerning  various  solar,  interplanetary 
and  geophysical  phenomena  are  requires  as  a  basis  for  the  preparation  of  short¬ 
term  forecasts,  The  list  in  Table  1  conveys  an  idea  of  the  variety  of  different 
data  available  each  day. 


Inpat  Data  for  the  Daily  Poreoects 


A.  Solar  Data 
Optical 

Radio 

Other 

B.  Interplanetary  Bata 
Particle  events 

Solar  wind 

0.  Geophysical  Bata 
Geomagnetism 

Ionosphere 

Aurora 

Cosmic  Rays 
Wave  propagation 

D.  Alerts  and  Forecasts 
Alerts 

Forecasts 


Centers  of  activity 

Plages 

Spots 

Magnetic  classification 

Corona 

Flare e 

Single  frequency  -  a*' wares 
Single  frequency  -  da-wa7es 
Spectral  ohcerva lions 
Interferometric  ohset rations 

1-rays 


Measurements  made  in  the  earth's 
atmosphere  or  in  spaoe 

Velocity 

Density 

Temperature 


Indices 

Disturbances 

Critical  frequencies 
SID'e 

Polar  cap  absorption  (PCA) 
Auroral  absorption 

Poms 

Aetirity 

Brightness 

Colour 

Daily  variation 
Special  events 

Transmission  frequency  range 
Reoeived  field  strength 
Quality  iigures 


Geoalerts 
Advance  alerts 
Advices 

Solar  activity 
Proton  events 

(forecasts  of  other  Centers) 
Pave  propagation 


wfafcTSwrtmfawim 
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Ait  ehcwr  In  Fig.  1  tha  date  originate  fr cu  different  sources.  7?crt  of  the 
data  are  supplied  by  scientific  institutes  in  Germany  anu  abroad.  The  majority 
of  tbe  data  from  foreign  sources  are  made  available  via  She  IUWDS.  Moioover, 
the  radio  stations  report  on  the  handling  and  quality  of  the  radio  traffic. 

In  those  oases  where  no  appropriate  measurements  are  made  by  other  stations 
nr  their  results  cannot  reach  us  in  good  time,  measurements  are  carried  out 
by  various  stations  of  the  Deutsche  Busdespost. 


2.1.  lata  Furnished  by  the  Ursigram  Service 

She  data  interchanged  within  the  IUWDS  are  the  moat  essential  baeie  for  the 
preparation  of  tbe  daily  and  weekly  forecasts  of  radio  propagation  con¬ 
ditions.  The  following  data  are  regularly  obtained  from  tbe  institutes  in  the 
Federal  Republic  of  Germany  and  Austria  listed  below: 

a)  Optical  observations  of  the  sun: 

Wendelstein,  So'nauinsland,  CanzelhShe 

b)  Radio  observations  of  tbe  run: 

Kiel,  Weissenau 

c)  Critical  frequencies,  ionospheric  absorption: 

Lindau  (Hf.rz) ,  Breisaob 

d)  Geomagnetic  activity: 

Wings  t,  Fllrstenfeldbruek 

e)  Cosmic-ray  intensity: 

Kiel,  Lindau  (Hers) 

/ 

Moreover,  the  other  RWC's  and  the  ASWC's  at  Stockholm  and  Prague  furnish  us 
rogolarly  with  their  Ursigrams,  They  comprise  data  measured  by  a  great  many 
institutes  all  over  the  world.  It  is  not  possible  to  name  here  all  the 
stations  participating  in  tbe  IUWDS  , 


2.2.  Measurements  Performed  by  the  Deutsche  Burdespost 

The  Deutsche  Bundeepost  established  three  measuring  stations  .n  order  to 
obtain  the  data  which  other  aoientifio  institutes  cannot  supply  in  the  ap¬ 
propriate  form  or  in  good  time: 

2.2.1.  Lbchgg  (Northern  Germany.  53.0°N.  11.2°B) 

This  overseas  radio  receiving  station  is  aainly  concerned  with  ob¬ 
servations  of  tbe  tran-jmiaaion  frequency  range.  These  observations 
allow  the  quality  of  ionospheric  propagation  and  Its  development 
tendency  to  he  continuously  monitored,  deviations  from  normal  con- 
ditiona  (corresponding  to  the  monthly  median  cr  mean  value)  to  be 
recognised  and  the  outcome  of  tbe  forecast.-  to  be  checked. 


For  ttaia  purpose,  tbe  field  strength  values  of  a  gveater  number  of 
transmitters  situated  in  a  certain  geographic  region  (e.g.  East  As  ») 
are  meat-red  at  regular  intervale  of  90  minutes.  The  trar.smltteTB to 
be  observed  are  ao  chosen  that  their  frequencies  are  distribute!  as 
equally  ae  possible  throughout  tbe  entire  EF  range  (about  2-30  MHz). 
If  possible,  orly  such  transmitters  are  observed  which  have  a  regular 
transmission  schedule  ard  a  known  transmitting  powe_'.  These  con¬ 
ditions  coull,  however,  not  Vs  satisfied  in  all  cases. 


Because  of  the  great  number  ci‘  transmitters  to  he  observed,  there  is 
not  much  time  for  etch  identification  and  field  strength  measurement. 
Consequently,  the  individual  field  ntrongth  value  may  depart  very 
much  from  the  half-hourly  or  hourly  median  value.  For  this  reason, 
(statistical  methods  are  always  employed  for  the  evaluation,  e.g. 
determination  of  the  band  character  figure  or  the  propagation  quality 
figure  l2,  3]  • 


At  present,  the  transmission  frequency  band  is  observed  for  the  fol¬ 
lowing  geographic  regions: 


Canada 

U.S.A.  (east  coast) 
South  America 
South  Africa 
India 


North  America  (west  coast) 

Australia 

East  Asia 

Europe 
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In  addition  to  these  observations  of  the  transmission  frequency 
range,  Lttchov  records  tbs  solar  nolee  on  250  and  610  by  means  of 
a  small  radio  telescope  so  that  solar  bursts  are  indicated  as  early 
as  possible. 

2.2.2.  Leeheim  (near  Darmstadt.  49.9°N.  8.4°S ) 


This  station  is  also  concerned  with  ware  propagation  studies.  Measure¬ 
ments  are  made  cf  the  receiving  field  strength  of  a  number  of  suitable 
H?  transmitters  at  various  distances  and  on  several  frequencies.  A 
cable  line  is  used  to  transmit  the  measured  values  to  Sarmata&t,  where 
they  are  continuously  recorded.  They  are  available  for  the  preparation 
of  the  daily  and  weekly  forecasts.  In  addition,  statistical  evalua¬ 
tions  are  made  to  check  and  improve  the  monthly  predictions. 

Moreover,  the  measuring  station  at  leeheim  records  the  amplitude  and 
phase  of  the  received  field  strength  of  remote  TLF  transmitters. 

These  recordings  are  made  to  obtain  information  about  special  events 
in  the  lower  ionosphere,  e.g.  SID's  and  HJA  events. 

These  measurements  are  supplemented  by  reoordlng  the  geomagnetic  acti¬ 
vity,  i.e.  the  horizontal  component  of  the  geomagnetic  field. 

Efforts  are  made  to  further  expand  the  number  of  propagation  measure¬ 
ments  carried  out  by  the  Leeheim  station  and  to  aatomise  as  far  as 
possible  the  work  of  th9  station  and  the  evaluation  of  the  measuring 
results.  We  hope  that  at  a  later  data  these  steps  will  allow  the 
observation  of  the  transmission  frequency  range  to  be  discontinued 
which  is  at  present  carried  out  by  a  large  number  of  operators  at  the 
overeeas  radio  receiving  station  at  Ltlchow. 


2.2.3. 


Ab  Dr.  Beckmann  has  already  stated  in  hie  review  [43  »  since  about 
1940  the  Deutsche  Post  Radio  Propagation  Prediction  Service  has  been 
interested  in  the  correlation  between  the  variations  of  oosmic-ray 
Intensity  and  the  changes  of  the  ionospheric  conditions.  Since  both 
phenomena  are  consequences  of  solar  events,  attempts  were  made  to  ues 
the  variations  of  cosmic-ray  intensity  as  an  Indicator  of  the  evsnts 
on  the  aun  and  in  interplanetary  space,  and  thus  also  of  forthcoming 
disturbances  of  the  ionosphere  and  the  radio  propagation  conditions. 

The  measuring  station  on  the  Predigtatuhl,  about  1?G0  m  above  sea 
level,  records  the  cosmic-ray  intensity  by  means  ef  various  measuring 
instruments .  At  present,  the  following  equipment  is  used: 

1  neutron  monitor, 

2  HaJ(Tl)  scintillators  (5  inches  0), 

2  ionization  chambers  with  different  shielding. 

The  results  of  the  measurements  are  daily  telephoned  to  Darmstadt. 

2.3.  Reports  from  Radio  Stations 

Pert  of  the  radio  stations  which  are  furnished  with  our  ionospheric  forecasts 
and  predictions  report  dsily  on  the  disposal  of  the  radio  traffic  on  the  most 
Important  overseas  links.  Such  reports  are,  of  course,  very  valuable  in  order 
to  recognize  and  follow-up  the  commencement,  the  development  and  the  intensity 
of  disturbances  of  the  propagation  conditions.  In  evaluating  these  reports 
it  must,  however,  he  borne  in  mind  that  the  quality  of  radio  traffic  does  not 
only  depend  on  the  propagation  conditions  but  also  on  several  other  fretors. 
The  moet  essential  factore  are  listed  below; 

-  the  changing  natural  and  man-made  noise  levels  at  the  receiving  station, 

-  the  intensity  of  interference  caused  by  other  transmitters, 

-  the  correct  functioning  and  setting  of  the  technical  equipment  at  either 
terminal  of  the  radio  path, 

-  the  choice  of  frequency  which  must  be  in  agreement  with  existing  frequency 
assignments, 

-  the  mutual  agreement  by  the  two  communicating  radio  stations  on  steps  to 
be  taken. 


43-6 


f 

I  Frequently  it  is  sot  possible  to  ascertain  reliably  the  different  causes  to 

f  which  the  observed  obliges  in  the  quality  of  traffic  are  to  bo  attributed. 

I  This  is  particularly  true  in  the  case  of  the  modern  mcder  of  cporatioa  swob 

|  as  ARQ  systems,  etc. 

U 


s 


t 
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2.4.  Other  Measuring  and  Observation  bate 

In  order  to  obtain  a  survey  of  the  solnr-terrestridl  oventa  and  tbs  ionosphe¬ 
ric  phenomena,  which  is  as  comprehensive  and  complete  as  possible,  -*a  do  our 
best  to  include  further  reports  in  our  evaluation.  At  the  tix'S  being,  the 
following  reports  are  to  be  mentioned  in  thin  conneoticn: 

a)  The  SPG  (Solar  Forecast  Center)  Reports  of  the  U.S.  Air  Force  Heather 
Service,  in  ^'uloh  tns  development  of  the  solar  activity  is  Indicated 
in  detail  every  six  houre. 

b)  Thu  reports  of  the  SSOC  (European  Sp*sce  Operations  Centre  of  the  ESRO) 
on  the  increase  of  the  particle  radiation  outside  the  magnetosphere. 

These  reports  are  based  on  tbs  provisional  evaluation  cf  the  measure¬ 
ment,',  made  by  the  satellite  HEOS  (1SS8-109A). 


2.5.  Alerts  and  Combined  Messages  I&aued  by  the  IHWBS 

Just  ae  we  furnish  the  other  RVO’s  with  our  advice  for  the  Geoalert  and  with 
our  ionospheric  forecasts  and  predictions,  we  use  also  the  advices  of  tbs 
other  ftWCrs  and  the  Geoalor-  for  the  p„ operation  of  our  daily  forecasts. 

The  name  applies  to  the  cone iso  surveys  of  the  solar  activity  and  the  aolar- 
tarrestrial  relations.  Tie ae  surveys  which  are  enooded  according  to  the 
GE0S01  code  arc  inoludad  in  the  Ursisrsas.  We  are  very  grateful  because  for 
some  time  the  aolav  physicists  have  furnished  us  not  inly  with  their  most 
casentiRl  observation  data,  but  estimate  also  the  probfble  development  of 
tho  activity  centre?  and  the  possible  geophysical  effects. 


3>  Synoptic  Raprs-aonlatior  of  Lata  and  Evaluation  for  Forecasts 

In  spite  of  many  endeavours  and  oumerous  investigation?,  in  the  field  of 
sol*o- terrestrial  pbyaiou  on*  hat  a*.t  yet  succeeded  in  f lading  a  precursor 
which  reliably  ladicrtea  the  occurrence  of  Ionospheric  disturbances.  The 
objective  of  cas  Ra>'o  Fropagation  Prediction  Service  Is,  therefore,  tc 
colloat  as  many  different  data  concerning  the  solar-terrestrial  events  as 
nowbihle  and  to  combine  them  in  a  synopsis.  Thus  we  are  able  to  compere  the 
different  phenomena  and  tc  weigh  their  importance. 


3,1  Bvnontlc  Renresentatlcn 

In  crlor  to  delly  obtain  a  fairly  clear  survey  of  the  great  many  phenomena 
and  their  interrelation  In  space  and  time,  the  most  essential  data  are 
plotted  in  graphs. 

The  moat  important  representations  ares 

a)  Belly  solar  nape  which  indicate  the  development  of  the  oentres  of  solar 
activity  on  ibc  basis  of  optical  and  R.F.  observations  (cf.  Table  1, 
3eotion  A).  Several  maps  showing  the  different  phenomena  are  plotted  on 
tracing  paper.  By  superimposing  these  maps  it  is  possible  to  see  the 
correlations. 

b)  The  sequence  of  the  solar  events,  of  the  phenomena  resulting  therefrom 
in  Interplanetary  apace,  in  the  magnetosphere  and  ionosphere,  and  their 
effects  on  the  wave  propagation  conditions  are  plotted  on  general 
surveys . 

Here  these  representations  need  not  he  daalt  with  in  detail,  beoause  some 
examples  are  shown  and  explained  in  Dr.  Beckmann’#  paper  (Figs.  2a-c)  £33  • 
All  sheets  are  so  divided  that  several  consecutive  27-day  solar  rotations 
can  be  placed  side  by  side  or  can  be  superimposed.  Thus,  tbe  comparison  of 
the  actual  situation  with  that  existing* 2?  days  earlier  at  well  as  the 
recognition  of  recurrence  tendencies  and  the  following-up  cf  the  development 
from  one  solar  rotation  to  the  next  are  considerably  facilitated. 


^SP-'"*-5**^  SSgS^Sf^I^^aV^vfcaiHv^JSfSVulBSSfflBbSBiSi*:'-' 


Fua shea  i stalls  .chloh  are  extracted  from  tub  reports  received  daily  out 
cermet  be  lnoludod  in  graphic  representations  are  oorpiled  ia  supplementary 
tables . 

d ,  2 .  Bv^luation  of  Pace  and  ^reparation  of  Forecasts  and  Fred 1 pilona 

As  mentioned  above.  no  clear  correlation  has  aa  yet  been  found  to  exist 
between  solar  events  and  wavs  propagation  disturbances,  which  would  allow 
a  reliable  forecast  tc  be  Bade.  All  investigations  showed  only  statistical 
relations  so  that  the  forecasts  can  only  be  made  with  a  jertaia  degree  of 
probability.  The  preparation  of  forecasts  and  predictions  requires, therefor*, 
v*ry  uuob  experience.  In  our  Keaearch  Group  this  work  is  closely  connected 
with  the  further  tnvectigetion  into  solar-terrestrial  correlations.  Thus, 
the  '.ateet  r-*  suits  of  research  can  immediately  he  used  for  the  preparation 
of  forecasts.  On  the  other  hand,  new  problems  to  he  etudied  by  research 
arise  in  the  light  of  ex^xiejioe  gained  in  preparing  the  daily  forecasts. 

¥hen  proparing  forecasts  toe  forecaster  generally  proceeds  aa  follows? 

At  first  bo  uses  trs  cynoptic  reprosentavions  described  above  to  form  an 
opinion  of  the  solar  activity  existing  at  that  moment,  of  the  conditions  in 
the  interplanetary  space  and  the  ionosphere  and  of  the  development  tendencies 
fts  fer  as  those  can  be  recognized.  He  compares  this  situation  with  the  situa¬ 
tions  which  occurred  one  or  tvo  nolar  rotatione  earlier  and  tries  to  find 
eiioilflritieK  ana  dissimilar ittea.  Heedless  to  say,  be  pays  special  attention 
tc  the  occurrence  of  outstanding  events,  such  as  larger  flersa,  which  he  can 
assume  to  he  non-re curxiny.  In  such  cases  he  cannot  assume  that  the  radio 
ware  propagation  cond< Sion  v/ill  develop  similar  to  that  during  the  preceding 
solar  rotation*,,  but  he  oust  try  to  estimate  the  effects  of  this  event  on  the 
ionosphere.  However,  if  such  non-recurring  events  have  not  been  reported,  he 
will  pay  apodal  attention  tc  the  27-day  recurrence  tendency  of  the  p  ropaga- 
tion  conditions  and,  for  instance,  he  will  study  the  question  woetber  dis¬ 
turbances  experienced  during  the  preceding  rotations  will  have  the  tendency 
to  iu.reaea,  ta  rVcreaae  o~  to  shift  in  time. 

frequently,  the  forecaster  faces  ‘he  problem  that  of  the  indicators  available* 
tc  him  for  estimating  „ae  ivriher  development  some  point  into  different  di¬ 
rections.  Then  he  tiust  try  tc  find  further  clues  which  will  facilitate  his 
decision  in  one  cirbctiou  oz  the  other.  For  this  decision  he  must  have  the 
experience  which  tells  him  which  of  the  indicators  are  to  he  attached  more 
importance  in  the  pivec  circumstances. 

The  correlations  to  be  allowed  for  end  the  rules  to  he  applied  to  the  pre¬ 
paration  of  foiecasr u  have  been  4ealt  with  at  some  ?.ength  by  Dr,  Daokmanr 
f3,  51  .  For  tbiu  i.easen,  this  contribution  will  nut  discuBs  tusse  items 
In  detail. 

A,  Snort- term  Fore  :astf  leered  by  the  FT3 


A . 1 .  Philosophy  of  Forecasts 

At  the  FTZ  the  torsozsts  and  predictions  are  comdocd  ;o  form  one  system. 

The  example  ir.  Fi&  2  ofcows  that  the  predictions  foi  eaoh  rndlc  circuit 
indicate  the  expected  rvithly  median  value  of  the  receiving  field  strength 
as  a  function  of  .'requvney  andTt'ime  ‘ uf  dey  for  a  transmitter  with  an  ef¬ 
fective  radiated  pow?r  of  1  kb.  The  user  of  these  preaictlcns  must  know  the 
following: 

-  actual  transmitting  pcv-ir  and  gain  cl'  the  transmitting  antenna , 

-  gain  of  the.  receiving  actenra, 

-  noise  level  at  the  receiving  station, 

-  signal- to-ncise  ratio  reqcjrad  according  to  the  mode  of  opezation  opplieh 
and  the  requirements  to  bs  ;*,■  with  regard  to  reliability. 

Then  hi  can  take  the  predictions  tc  determine  the  limits  of  ‘ho  frequency 
hand  (operational  MG?  and  LOT)  i,cacie  for  his  2pscicl  requirements . 
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4.3. 
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The  forecasts  are  baaed  or  these  predictions.  They  forecast  the  probable 
deviations  of  the  transmission  conditions  from  the  normal  value.  These 
deviations  are  expressed  in  the  form  of  quality  figures  and  information 
on  the  relative  position  of  the  MOF  and  LUF. 


4.1.1. 


4.1.2. 


Geographic  Region  to  whio'h  the  Forecasts  Apply 

Ia-<  conditions  are  forecast  separately  for  the  following  directions 
of  traffic  or  areas: 


North  America 

Germany 

(code: 

NORAM) 

Bast  Asia 

Germany 

(code: 

EASAS) 

South  America 

Germany 

(code? 

SOtJAM) 

lurope 

(code: 

EURO?) 

Short  circuits 

(code: 

SHORT) 

Forecasting  Periods 

For  each  traffic  region  we  differentiate  between  a  "BAT"  and  a 
"NIGHT’'  period.  Here  "day"  mean®  the  period  during  which  the  day 
frequencies  can  normally  be  used  in  the  direction  concerned  and 
"night"  the  period  during  which  the  night  frequencies  can  be  used. 

In  the  ccse  of  abort-distance  circuits  these  two  periods  aro  de¬ 
termined  by  s’tnnct  and  sunrise.  Hence,  the  "day"  and  ’’night"  periods 
vary  according  to  the  direction  of  traffic  and  the  season.  The  mean 
trend  ia  plotted  in  Fig.  3. 


4.1.3.  Quality  Scale  fer  Sadie  Propagation  Conditions 

The  quality  figure  is  a  general  description  of  the  daily  propagation 
conditions  with  respect  to  conditions  Indicated  in  the  loathly  pre¬ 
dictions.  The  radio  propagation  quality  ia  the  better  tt*  wicer  the 
transmiaeton  frequency  range  and  the  higher  the  field  strength  with¬ 
in  the  transmission  frequency  range.  This  range  is  limited  by  the 
MOP  and  IN?  wh;.ch,  in  turn,  depend  on  the  relevant  operating  eon- 
diiiona  {mods  of  operation,  transmitting  power,  antennas,  nclae 
level,  etc.).  The  quality  figures  are  expressed  in  a  seals  from  1-9, 
vie. : 

1  «  useless 

2  »  very  poor 

3  *  poor 

4  *  poor  to  fair 

5  =*  fair 

6  **  good  (normal,  approximately  corresponding  to  the  monthly 

prediction; 

7  »  very  good 

8  *  superior 

9  ®  excellent 

The  quality  figures  di.?iv':d  freu  the  observation  of  the  transmission 
frequency  range  (of.  item  2.2.1;  are  calculated  according  to  the 
above  scale  And  Include!  in  the  Ureigrams. 


Weekly  Forecasts 

Every  Friduy  the  weekly  forecasts  are  distributed  by  telegraph.  They  cover 
always  ten  days  so  that  tiers  is  a  three-day  overlapping  for  two  consecutive 
forecasts. 

At  first,  a  brief  review  t-f  the  conditions  during  the  preceding  week  is 
given  in  plain  language.  This  review  is  followed  by  the  quality  figures  for 
the  nert  ten  days.  For  each  traffic  region  one  quality  figure  is  indicated 
for  the  day  period  and  another  ere  for  the  night  period. 


Lfafly  Forecasts 

The  daily  forecasts  ere  issued  Monday  to  Friday  at  about  1300  hours  U,T.  by 
way  of  telegraph.  They  cover  the  forthcoming  night  period  and  the  following 
day  period.  The  daily  forecasts  fer  Saturday  and  Sunday  are  already  issued 
on  Friday.  A  similar  arrangement  applies  to  puhlio  holidays. 
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For  the  daily  forecasts  the  day  and  night  periode  are  onoe  a'jain  Bub-fiividefi 
into  the  first-  half  of  the  night  (1)  and  the  second  half  of  the  night  (2), 
the  first  half  of  the  day  <3)  and  the  second  half  of  the  day  (4 }*  Tb« 
boundaries  between  the  two  halves*  are  not  olearly  defined.  Iheir  purpose  ia 
only  to  indicate  the  development  tendencies  to  be  expected  during  the  inter¬ 
val  concerned. 

The  daily  forecasts  supplement  or  correct  the  weekly  forecasts  by  more 
detailed  information. 


4.3.1. 


4.3.2. 


One  quality  figure  is  given  for  each  of  the  five  traffic  regions  and 
each  of  the  four  forecasting  periods  (see  above). 


The  general  information  about  the  radio  propagation  quality  is 
supplemented  by  additional  statements  concerning  the  relative  position 
of  the  MUF  and  LUF,  where: 

0  normal . 

Vhe  MUi1  and  LUF  values  obtained  from  the  monthly  prediction  by 
allowing  for  the  respective  operation  conditions  are  considered 
to  he  normal. 

+  above  normal. 

In  general,  a  higher  MUF  is  connected  with  an  earlier  in-time  or 
later  out-time  in  the  upper  frequency  range,  i.e.  with  a  pro¬ 
longation  of  the  operating  time.  A  higher  IDF  means  a  shorter 
operating  time  on  the  lower  frequencies 

-  below  normal. 

Ae  a  rule,  a  lower  MUF  results  in  a  shorter  operating  time  on 
higher  frequencies.  In  the  osse  of  a  lower  LUF  there  will  he  a 
longer  operating  time  on  lower  frequencies. 

Moreover,  a  higher  (lower)  MUF  generally  means  a  higher  (lower)  field 
strength  in  the  upper  frequency  range,  whereas  a  higher  (lower)  LUF 
means  a  lower  (higher)  field  strength  in  the  lower  frequency  range. 

The  meaning  of  these  statements  is  once  again  listed  in  Table  2. 


Table  2 

Meaning  of  the  Forecasts  of  MDF  and  LUF  Far iat ions 


Forecast 

In- time 

Out- time 

Operating 

time 

Field 

strength 

MUF  + 

early 

late 

prolonged 

increased 

MUF  0 

normal 

normal 

normal 

normal 

MUF  - 

late 

early 

shortened 

decreased 

LUF  + 

late 

early 

shortened 

decreased 

LUF  0 

normal 

normal 

normal 

normal 

LUF  - 

early 

late 

prolonged 

increased 

Frequency  range 
to  which 

forecast  applies 


on  higher 
frequencies 


on  lower 
frequencies 


In  the  case  of  ehort-diatance  cireuite  (code:  SHORT)  the  relative 
position  of  MUF  and  LUF  is  not  indicated,  since  these  forecasts  cover 
only  low  frequencies  (up  to  about  6  MHz)  which  are  mainly  influenced 
by  the  varying  day-time  absorption  and  are  especially  suitable  for 
shorter  distances  (up  to  about  1000  km). 


1 


S.I.D. *  b 


The  probability  of  the  occurrence  of  SID's  is  indicated  in  four 
steps.  It  applies  always  to  the  respective  day  period  (see  item 
4.1.2.  and  Fig.  1)  because  SID's  can  affect  only  the  illuminated 
half  of  the  earth.  Moreover,  the  intensity  of  the  ionospheric  effects 
depends  upon  the  position  of  the  sun.  Hence,  When  applying  these  SID 
forecasts  allowance  has  to  be  made  for  the  illumination  of  the  rele¬ 
vant  radio  path  and  the  season.  The  stronger  the  sun  on  the  relevant 
radio  path  the  more  is  the  radio  traffic  affected  by  a  SID.  As  a 
rule,  during  the  summer  months  a  SID  is  more  pronounced  on  the 
northern  circuits  and  during  the  winter  on  the  southern  circuits. 

The  variation  of  probability  is  indicated  as  follows: 

0  =  unlikely 

1  =  possible 

2  =  likely 

3  ~  almost  certain 

(with  strong  ionospheric  effects) 


Explanations 

A  final  brief  explanation  in  plain  English  language  comprises  e 
review  and  information  about  the  solar  activity  together  with  the 
expected  effects  on  ionospheric  wave  propagation.  If  possible,  some 
special  characteristics  of  the  radio  propagation  conditions  and 
their  further  development  are  dealt  with. 
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Radio  Propagation  Prediction 


Fig.  2 


Sample  of  the  monthly  predictions 


Questions  arid  con  mints  concerning  specific  papers 
(referenced  by  number)  arc  given  first  followed  by  more 
general  discussion.  The  general  discussion  as  given 
here  came  in  part  from  the  *  comment  forms'  filled  out 
by  those  contributing  tc  the  discussion  and  by  trans¬ 
cription  from  the  recording  tapes  made  during  the  meeting 
In  the  latter  case,  the  remarks  have  been  edited  and  para¬ 
phrased. 


D-). 


QUESTIONS  AND  COMMENTS  ON  SPECIFIC  PAPERS 

P/  PER  NO,  6 


K.  Davies  (U,  S. ):  Are  forecasts  Of  quiet  solar  and  ionospheric  conditions  also  useful? 

P.  Halley  (France);  A  non  avis  la  provision  des  periodes  de  caJme  assurfe,  ptrrr.ettar.t  -uis  propagation 
ionospherique  tout  a  fait  suite  eat  sans  dout -  aussi  importante  pour  1*  exploit  unt  que  It  ur'bvf  uo>.  o-jc 
perioiiea  de  perturbation. 

P.  A.  Simon  (France);  In  reference  to  Paper  No.  6,  the,  use  of  just  one  technique,  thu  ll  ray  flux  ot 
the  sun,  eeems  to  be  insufficient  to  forecast  the  solar  activity .  The  classical  icia cast  uses  several 
data  together,  the  material  coming  from  each  technique  reinforce  or  rtuuces  the  weight  or  the 
phys'ual  meaning  of  that  coming  from  the  other  sources. 


PAPER  NO,  7 


P.  A.  Simon  (France);  With  regard  to  paper  No.  7,  the  evaluation  ox  a  method  for  long  term  for ecd. sting 
is  a  ticklish  problem:  the  successful  periods  tod  to  persist  in  such  a  way  that  the  method  may  appear 
better  than  it  is.  The  problem  of  the  sudden  increase  of  the  solar  activity  during  a  week  or  more  with 
♦he  birth  of  several  active  centers  at  about  the  same  time  is  unsolved.  Nobody  has  been  abl'  to  forecast 
the  starting  date  of  this  evolution. 

P.  Hypher  (Canada);  Has  Dr.  Blizard  considered  simulating  the  planetary  conjunctions  using  a  digital 
computer  ? 


J.  Blizzard  (U.  S. ):  The  orbital  and  conjunction  periods  have  been  compared  on  a  computer  to  sunspot 
number  by  several  authors  including  Jose,  Wood  and  Wood,  Brier  and  Biggs.  It  has  not  seemed 
necessary  to  duplicate  the  work  of  other  investigators.  In  addition,  fifteen  planetary  functions  have 
been  correlated  with  sunspot  number  in  a  recent  Lockheed  report  by  Pimm  and  Bjorn,  utilizing  machine 
programming.  However  sunspot  number  may  not  be  a  sensitive  indicator  of  major  solar  activity. 
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G.  A.  Kuck  (U.  S. ):  Miss  Blizard,  crux  you  order  the  tidal  forces  as  caused  by  the  various  planets 
according  to  the  intensity  of  the  force? 

J.  Blizard  (U.S. ):  First  of  all,  it  is  not  clear  whether  the  tidal  force  is  the  correct  function  to  use.  If 
the  planets  are  considered  singly,  then  Jupiter  has  the  greatest  tidal  force,  followed  by  Venus,  with 
Earth  and  Mercury  in  third  and  fourth  place.  Mercury  i.t  highly  eccentric,  sc  the  order  depends  on 
whether  it  is  near  perihelion  or  net. 

J.  P.  Sudworth  (U.K. ):  Has  the  relationship  between  conjunctions  and  solar  activity  been  examined  ‘.ox 
past  records,  in  particular  for  solar  minimum  periods  ? 

J.  Riixard  (U.  S. };  Solar  minimum  is  thr  ideal  time  to  study  this  because  one  can  detect  the  10  cm  flux 
increases  with  conjunction  limes  much  better  when  there  are  no  active  centers  on  the  sun.  i  have  been 
trying  to  do  this  for  19&4;  unfortunately,  J9 64  was,  not  so  quiet  as  some  other  minimum  periods  but  we 
had  no  radio  data  curlier  than  that.  I  have  cnocked  back  with  large  suospot  groups  in  the  oast  s»  in 
January  1926,  and  there  one  gets  the  same  correlation  with  conjunction  as  in  the-  recent  data,  hut  there 
cne  must  use  sunspot  =treas  or  sunspot  numbers  since  we  have  no  ether  data. 

J.  Buchan  (U.S. }r  I  am  one  of  a  group  of  abcut  o'*  poople  who  are  on  standby  at  Churchill  waiting  for  a 
PCA  event.  If  we  had  a  prediction  of  a  conj-uncticc  which  will  produce  a  flare  within  the  next  six  cr 
seven  weeks,  it  wcuia  help  cs  and  save  ib*  government  seme  $260,  009. 

ti.  RlsUbetb  K.  );  (1)  A  rough  calculation  suggests  that  a  conjunction  between  the  four  p’acet* 

Mercury,  Vea.-is,  Earth,  Jupiter  occurs  about  once  everv  30  days.  If  a  10  day  "response”  time, 
fcilrv  k-£  any  co  ijuerlinn,  is  permitted  in  the  calculation,  there  is  a  o\e -third  probability  of  obtaining 
■positive  rcru’ts”  by  chance.  lx  th-  pre-existence  of  an  active  regie-}  is  .'iso  assumed,  the  chances 
would  seem  te  ve  further  improved.  {£)  Is  it  worth  performing  calculations  with  conjunctions  of 
"flctiiioc s'"  placets  to  investigate  further  the  statistical  raliabiiity  of  the  rnetho*,? 


J.  Blizard  (U.S,);  Your  calculation  cn  c.-r.junctic'i  frequency  is  torr  ret.  However,  the  conjuactirn 
must  be  in  al-gomcnl  wir  an  tclivo  center  or  the  sun.  co  that  the  "chance"  probability  is  considerably 
reduced.  (2)  This  would  be  *  useful  approach. 
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W.  R.  Piggott  (U.K.):  Do  we  need  dat.a  we  do  not  at  present  get1’  For  example,  would  it  ba  worthwhile 
to  store  X-ray  data  and  get  average  and  extreme  data  for  longer  periods  than  possible  with  real  time 
observation  i  ? 

R.  M.  Stiaka  jy.S,):  Kuck  uses  the  Castelli.  criteria  to  predict  proton  events  (1  proton/cr.ia/sec/steradian 
where  Eis  19Mav)  where  riometer  absorptions  would  be  less  than  IdR.  However,  the  Castelli  criterion 
was  designed  and  is  used  most  effectively  fcr  proton  prediction  where  the  absorption  is  2  db  or  greater. 
Used  properly,  this  criterion  then  gives  80%  or  higher  success  in  prediction.  The  forecaster1  s  guide 
for  prediction  of  proton  events  shows  75%  prediction  with  the  Castoili  criteria  and  type  II  or  IV  meter 
bursts  occur.  When  the  integrated  X-ray  flux  0.032  erg-min-  (cmasec)’1  is  added  to  the  radic  criteria 
the  prediction  still  is  75%,  Since  no  gain  is  apparent,  why  then  is  the  integrated  X-ray  flux  added  to  the 
radio  criteria? 
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G.  A.  Kuck  (U. 0. ):  I  vend  to  think  in  terms  of  the  physical  mechanism  which  produces  the  protons.  If 
the  Castelli  criteria  has  a  physical  basis,  then  the  "thousand  'lux  units"  criterion  should  be  related  to  the 
the  actual  intensity  of  the  particles  produced.  If  the  spectral  shape  is  related  to  the  actual  production 
of  the  particles,  then  so  is  the  thousand  flux  units  criterion;  and  by  lowering  your  standards  a  bK,  one 
can  go  from  2  dS  down  to  1  dB.  At  the  present,  there  is  no  easy  distino-ion  to  be  made  between  a  PCA 
event  and  a  proton  event. 

S.  M.  Bennett  (U.S.):  Based  on  a  stud-  of  solar  proton  data  during  che  previous  solar  cycle,  it  appears 
that  a  power  law  decay  is  as  acceptable  a  fit  as  is  an  exponential  decay.  Furthermore,  the  filamentary 
structure  observed  in  the  interplanetary  magnetic  field  suggests  that  diffusion  theory  is  not  necessarily 
applicable  to  the  low  energy  protons  responsible  for  PCA,  especially  within  a  flux  tube  connected  to  the 
flare-active  cenier. 

G.  A.  Kuck  (U.  S. ):  Parker  3tated  in  his  book  that  the  structure  was  probably  filamentary  buc  the  main 
ideas  were  probably  valid.  This  is  borne  out  by  the  correlation  of  the  interplanetery  magnetic  field 
sector  structure  with  the  active  regions  on  the  nun  during  solar  minimum.  One  must  consider  diffusion 
coefficients  both  inside  and  outside  the  flux  tube.  Take  a  simple  model  of  heat  conduction  in  a  copper 
rod  surrounded  by  an  insulator.  If  one  measures  the  heat  flux  in  the  rod,  cae  must  use  one  diffusion 
coefficient.  If  one  measures  in  the  insulator,  he  will  get  a  different  answer.  If  he  exmines  figure  6  in 
paper  9,  he  finds  that  he  must  use  a  diffusion  equation  in  one  dimension  for  6^1.  5  radians  (instead  of  the 
assumed  3 -dimensional  diffusion  used  in  deriving  figure  6.  Fm-  3pQ.  5  radians,  diift>«ion  in  three 
dimensions  seems  adequate  for  forecasting.  I  must  adm.c  all  the  present  theories  have  problems. 

W.  R.  Piggott  (U.K.  )t  From  the  point  of  view  ci  HF  propagation  we  do  not  r.eed  to  ir.recas'  events  which 
are  not  observable  on  ricmeters  and  have  little  interest  in  the  weaker  events.  Thus  the  prediction  system 
could  be  simplified  to  give  only  what  we  want  to  use.  For  VLF  and  LF  we  need  to  test  whether  the  weaker 
events  are  effective.  If  so,  they  need  to  be  forecast  out.  at  the  same  time,  give  a  more  sensitive  model 
of  proton  effects. 
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G.  A.  Kuck  (U.  S. ):  The  power  of  using  integrated  X-ray  vs.  particle  intensities  should  not  be  neglected. 
Correlation  coefficients  for  integrated  cm  radio  data  vs.  Integra:  ed  or  peak  particle  fluxes  are  not  as 
high  a*  integrated  X-ray  vs.  peak  particle  fluxes.  Furthermore,  modulation  of  cm  radio  data  adds 
uncertainty  to  the  integration.  These  modulations  do  not  usually  si. ow  up  in  the  X-iay  results.  On  the 
X-ray  data,  several  fluxes  close  together  in  time  can  be  resolved  wren  they  cannot  be  resolved  in  the 
cm  radio  data. 

R-  M.  Straka  (U.  S. );  Until  the  quecticn  of  modulation  of  radio  bursts  vs  more  clearly  resolved,  one 
cannot  rule  out  that  additional  particle  accelerations  may  occur  during  these  modulalations  and  add  to  the 
site  of  the  proten  event.  Regarding  the  flares,  numerous  radic  bursts  recorded  at  the  AFCRL  Sagamore 
Hill  Radio  Observatory  do  show  that  close  flares  can  at  times  be  resolved  within  the  burst. 
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J.  H.  Duffus  (Canada):  I  would  Like  to  draw  the  attention  of  the  meeting  to  the  prediction  requirement*  of 
two  potential  groupo  of  users  whose  needs  have  not  yet  been  considered.  The  recent  development  of  the 
superconducting  magnetometer  ha?  potentially  increased  the  available  sensitivity  by  104.  This  implies 
that  the  magnetic  detection  of  submarines  and  geophysical  prospecting  will  soon  be  more  concerned  *vifh 
the  natural  electromagnetic  background  in  the  range  from  a  few  Hz  down  to  periods  of  a  few  hundred 
seconds.  This  background  is  not  directly  related  to  the  geomagnetic  disturbances  discussed  in  this  pap^r, 
except  during  major  disturbances.  Forecasts  of  12-24  hours,  or  less,  which  would  permit  a  decision  as 
to  whether  or  not  to  work,  as  well  as  a  running  forecast  for  geophysical  baseline  control  would  bo  welcoOte. 

J.  H.  Meek  (Canada):  Should  not  one  consider  that  the  tongue  of  ionization  from  the  sun  may  be  actually  In 
the  form  cf  more  restricted  clouds.  This  would  account  for  the  lack  of  correlation  between  the  salullito 
observations  and  the  ear+b  observations. 

K.  Moe  (U.  S. ):  I  hadn' t  thought  about  that  aspect  of  the  problem.  But  if  you  are  interested  in  looking  a. 
small  scale  features,  the  Vela  data  would  probably  be  more  useful. 

W.  R.  Piggott  (U.K. ):  I  wish  to  point  out  that  small  storms  are  much  more  common  than  large  and  often 
show  oetter  regularity  from  storm  to  storm.  Small  storm  forecasting  is  therefore  important  and  will 
become  more  so  as  the  large  flare -associated  storms  die  out  in  the  latter  stages  of  the  solar  cycle. 
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L.  Petrie  (Canada):  Is  the  data  shown  in  figures  2  and  3  selected  for  particular  periods  of  magnetic  activity? 
A.  R.  V/.  Hughes  (U.K.):  Yes.  For  periods  for  which  Kp  was  less  than  or  equal  to  2+. 

G.  A.  Xuck  (U.  S. ):  Were  there  particle  detectors  on  the  satellite  so  one  could  correlate  the  wave  events 
with  the  McDiarmid  and  Burrows  smooth  or  background  boundaries  ? 

A.  R.  W.  Hughes  (U.K.):  No.  there  were  no  particle  detectors  on  Ariel  3.  However  Ariel  4  to  be 
launched  in  1971  will  carry  a  similar  VLF  experiment  and  on  this  satellite,  the  University  of  Iowa  will 
have  particle  detectors. 

F .  A.  Simon  (F ranee):  The  Kp  is  a  crude  index  of  the  geomagnetic  activity  for  the  study  of  auroral 
zone  events.  During  the  last  two  or  three  years  Dr.  P.  N.  Mayaud  has  developed  new  indices  of  the 
geomegnetic  acti.-ity  related  respectively,  to  high  latitudes,  to  medium  latitudes  and  to  the  Northern 
and  Southern  hemispheres.  It  would  be  interesting  to  use  these  rew  indices  in  order  to  improve  your 
results. 

A.  R.  W.  Hughes  (U.K.)*  I  quite  agree  with  this  criticism,  but  one  tends  to  look  for  relations  with  Kp 
first  and  our  pl>.  r.s  indue.:  looking  for  correlations  such  as  you  suggest,  particularly  in  view  of  the 
failure  of  the  intensity  to  show  an/  sensible  relation  with  Kp.  We  are  proposing  to  look  into  the 
possible  association  between  substorm  activity,  for,  example,  and  the  intensity  of  the  emissions.  It  is 
rather  surprising  thai  you  get  a  fairly  good  effect  of  the  changing  positions  of  the-  zone  with  Kp. 

G.  L.  Nelms  (Canada):  I  would  refer  you  to  a  paper  which  may  be  of  interest  in  view  of  the  previous 
question  about  the  relation  between  the  zones  of  precipitation  and  energetic  particles.* 

W.  R.  Piggott  VU.K.):  I  would  draw  attention  to  the  fact  that  the  variations  of  particle  precipitation  or 
the  quiet  days  appear  to  be  determined  by  different  factors  to  those  effective  on  disturbed  days.  This 
has  not,  to  my  knowledge  been  properly  studied  but  is  important  to  practical  forecasting  at  high  latitudes. 

A.  R.  W.  Hughes  (U.K,):  This  is  certainly  in  common  with  the  VLF  observations  in  that  one  cas  often 
receive  cae*  8  most  intense  noise  zones  in  quiet  periods,  periods  that  have  been  quiet  for  a  number  of 
days. 


*  Too  High  Latitude  Ionosphere:  Results  from  the  AloueUe/Isis  Topside  Sounders  by  G.  L.  Nelms 
and  J.  H.  Chapman,  Proceedings  of  NATO  Advanced  Study  Institute  on  Production  and  Maintenance 
of  the  Polar  loaosphore,  Skeihampen,  Norway,  9-1 8  April  1969. 
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J.  H.  Meek  (Canada):  I  have  four  points  to  bring  up:  (1)  It  would  be  better  to  use  a  sequenco  of  ma  >a 
over  a  period  of  24  hours  in  order  to  test  the  validity  of  backscatter,  rather  than  to  make  comparison 
\7ith  single  ionosonde  mea-sure, -neats.  (2)  Have  you  done  any  Es  mapping?  This  is  important  to  the 
radio  communicator.  (3)  Thu  5.  and  El  cut-off  a/e  important,  especially  at  northern  latitudes  in 
summer  when  F2  ionization  density  is  low.  (4)  Is  there  a  problem,  in  de-.Kng  with  E  and  El  region 
mapping  ? 

R.  R.  Bartholomew  (U.  S. );  SSSA'  a  technique  is  probably  more  capable  of  doing  most  of  these  things 
than  ours  is.  V*  e  do  i  ot  plan  to  do  any  Es  mapping.  We  can  detect  Es  but  we  have  not  yet  done  anything 
with  it. 

J.  Blair  (U.  S. ):  1  believe  our  technique  to  be  suitable  for  Es  mapping  and  capable,  too,  ui  separating 
modes,  since  we  have  rather  precise  elevation  information. 

R.  R.  Bartholomew  (U.S. ):  Our  system  is  designed  more  for  the  communicator — to  give  the  effective 
gradients  in  the  ionosphere,  that  is,  the  overall  gradients  that  will  change  the  rnypath,  rather  than,  any 
determination  of  the  structure  of  the  ionosphere  at  a  given  point.  We  have  started  -  study  based  on  a 
sequence  of  maps.  We  should  have  results  in  the  next  6  months  or  so. 

To  this  point  the  E-  and  Fl-layer  cutoff  has  not  been  a  problem.  The  n  ■  sensitivity,  however,  is 

suer  that  nighttime  ground  backscatter  via  the  F  layer  is  not  received.  In  the  daytime,  even  in  the 
presence  of  Es,  F-layer  propagated  ground  backscatter  is  always  present.  We  are  concerned  with  the 
effective  total  gradients  effecting  the  path  and  both  FI  and  F2  may  be  included.  We  do  not  try  to  separate 
the  layers,  as  perhaps  can  be  done  with  the  high  resolution  array  used  by  Mr.  Blair. 

R-  G.  Maliphant  (U.K. ):  The  speakers  from  both  ESSA  and  SRI  have  referred  to  the  lack  ot  vertical- 
incidence  stations  for  checking  the  derived  data.  Have  you  considered  constructing  model  backscatter 
records  from  3-D  ray -tracing,  and  using  the  known  input  aj  a  check  on  your  results? 

J.  Blair  (U.S. ):  No,  although  this  is  a  possibility.  But,  what  we  did  was  to  compare  our  measurements 
in  time  at  the  equivalent  distance  with  ojr  backscatter  high  resolution  array  with  observations  made 
with  one  vertical -incidence  sounder.  This  does  give  a  fair  check. 

L.  W.  Barclay  (U.K.):  In  1967  and  1968  we  undertook  several  series  of  backscatter  experiments  to 
determine  the  possibility  of  measuring  ionospheric  parameters  at  a  distance.  We  used  a  high  power 
pulse  backscatter  transmitter  with  a  broad  band  narrow  beam  transmitting  anterna.  Reception  was  with 
a  vertical  »ta*:ic  of  receiving  ant  rants,  electronically  scanned  to  allow  us  to  measure  arrival  angles. 

Such  measurements  were  made  w.th  the  aid  of  a  digital  integrator.  On  selected  frequencies  a  narrow 
range  g  Ue  wa.;  employed  and  the  arrival  angles  of  signals  in  this  gate  were  measured.  The  results  were 
processed  graphically  and  the  reflection  heights  and  equivalent  vertical-incidence  frequencies  were 
determined.  Synthetic  "equivalent  vcrttcal-incider.ce  ioncgram»,:  for  the  path  raid-point  were  constructed 
from  a  number  of  thee**  observations. 

Our  path  midp  dints  were  over  W.  Germany  and  we  compared  our  results  with  the  actual  ionograms 
obtained  at  Xrndau  and  Breisacfc.  We  chose  to  compare  our  deduced  reflection  heights  with  the  ionogram 
heights  at  the  same  vertical -incidence  frequency.  We  made  seve  ;al  t!  o  us  and  measurements  and  between 
30%  and  60%  of  various  sets  of  these  results  were  within  5%  of  the  layer  height.  Our  experimental 
limitations  were  *quivalect  to  about  a  5%  height  accuracy.  We  believe  that  our  errors  are  due  mainly  to 
wrong  ideiuificatica  of  tee  propagation  mode,  particularly  where  sporadic  E  is  involved.  Other  errors 
may  well  be  due  to  ionospheric  tilts,  receiving  antenna  side-lobes  and  interference. 

E.  Moeller  (Germany):  It  is  well  to  point  orst  that  with  the  high  resolution  array  described  by  Mr.  Blair 
it  may  now  b»  possible  to  Identify  specific  points  on  the  ground  from  which  the  backscatter  returns  It, 
in  fact,  this  can  now  be  done,  it  will  be  possible  to  measure  the  angle  of  departure  and  with  Ac  delay 
time  and  this  new  information  as  to  the  location  of  the  ground-scatter  point  it  is  possible  to  check  to  see 
if  the  propagation  path  is  symmetric  or  not. 

K.  Davies  (U.S. ):  One  short  question:  iu  the  early  days  of  attempting  to  apply  backscatter  to  communi¬ 
cation  problem*,  the  backscatter  failed  just  when  it  was  needed  most  —  during  disturbed  pert ods.  Are 
either  of  the  methods  described  here  any  good  during  disturbance? 


J.  Biair  (U.S..):  There  are  still  problems  to  overcome  during  disturbed  periods,  bsu.  since  we  now  have 
higher  revolution  in  both  azimuth  and  elevation  as  well  as  higher  powers,  we  can  separate  modes,  for 
example.  Certainly,  the  new  techniques  are  a  great  improvement  over  the  old. 

H.  Moeller  (Gercjuxy):  To  continue  with  Meek' s  question  ‘-bout  FI  and  E  backscatter,  are  you  not  aide 
to  detect  two  leading  edges  ? 

R.  XL  Bartholomew  (U.  S.  ):  First  with  regard  to  F 1,  the  technique  allow*  us  to  detect  caiy  one  leading 
edge;  future  improvements  may  allow  us  to  do  better.  With  regard  ic  E,  ground  scatter  via  the  E  layer 
is,  according  to  my  observation*  »  very  rare  thing. 
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H,  Albrecht  (Germany).  la  csiopt  &TVJ  modef,  the  reel  problem.  of  course,  is  in  the  mode  you  actually 
assume.  Did  you  ozt:  ely  assume  thic  mode,  or  did  you  consider  others  as  well?  IHd  you  nuke  very 
precise  time-delay  measurements  ? 

C.  A.  Moo  (U.  S. ):  The  propagation  mode  is  that  described  by  Fenwick  alter  an  elaborate  series  of  ex¬ 
periments  which  demonstrated  that  tint  Is  esaertially  the  only  way  in  which  signals  could  propagate 
around  the  world.  The' introduction  of  the  til.  was  doc  to  Isted  in  England  for  the  purpose  of  lav nchiug 
these  ion-ion  modes.  We  did  co  precise  *ime  measurements.  Tnis  t~pic  was  exhaustively  covered  by 
Hess  in  a  series  of  experiments  in  Germany  during  the  war. 

$.  M,  Benneti  (CJ.  S. );  The  meaEaremeats  were  range -grated,  of  couree,  so  that  no  backscatter  or  other 
signals  could  affect  the  measurements  of  amplitude.  The  gate  was  set  for  a  delay  time  (I  think)  within 
about  10  milliseconds  of  138  miiUatcoQdj  after  the.  transmitted  pulse. 

A  beech t  {Germany):  If  you  had  made  very  accurate  tims-of-trrve!  measurements,  you  would  then  have 
oveo  ao’e  to  determine  the  cental  mode  more  exactly  --  the  ionosphere  reflection  joints,  cou'o  have  been 
found.  These  oc.  vary,  of  course. 

2>.  A.  Moc  (U,  S. ):  Oac  conciusioa  reach  id  by  ta.  iy  imi  estigjttors  -  ■  one  cf  the  astounding  things  about 
R.TW  signals  --  was  that  tksre  was  r.ot  very  much  variability. 

I.  K  Meif  (Cr.tade);  Have  you  as.y  reason  to  believe  that  your  propagation  follows  the  great  circle  even 
if  you  pobn  the  receiving  antennas  t  ISO*  to  the  transmitting  aaterna? 

C.  A.  Moo  (U,  S. ):  Fenwick,  Hayden  and  Viiiard  published  a  paper  in  1965  in  which  tnty  stated  that  very 
small  bearing  deviations  could  be  detected  --  less  than  about  5*. 


J.  H.  Meek  (Canada):  I  dc  not  fi-grec  that  Je-'-’atit'ns  are  negligible.  The  actual  state  of  the  ionosphere  at 
a  moment  is  veev  different  from  model*  or  from  estimates  basin  on  monthly  averaged  and  smoothed 
observations. 

S.  M.  Bennett  <D*S,)f  During  the  cc\xar.  of  tht,  exy  ariment  we  did  attempt  to  measure  bearing  deviations, 
but  within  thi  aaJxa-utfcaj.  rttolthti.a  cf  tUu  r^oXitj  antenna  (l£*)  tone  were  observed. 
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J..  W.  Ames  <0,S. ):  The  80  day  recuircnce  of  small  scale  irregularities  suggests  a  remarkably  long 
lived,  small -geographical-exrent  phenomenon.  Have  you  considered  a  causal  mechanism? 

W.  R_  Piggott  (U.VC, ):  You  are  seeing  the  tip  of  a  regular  perturbation  which  is  generated  by  the  world 
circulation  of  the  neutral  atmosphere  pushing  the  Y2  layer  up  or  dovu.  Cocao  more  details  are  given  in 
the  written  paper.  There  are,  however,  also  leml-fixed  perturbations  which  ran  be  seen  on  the  maps 
at  certain  LMT '  s. 
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W.  R.  Piggort  (D.K.  1;  We  nt*d  new  cheap  methods  of  getting  data  far  forecast  and  prediction  protrleHns- 
Cac  you  icai<_al«  th*»  additional  cost  needed  to  espioli  lias  possibility? 

Has  the  data  so  tar  shown  any  parameters  which  would  be  uctfui  to  the  forecast  rr,  e.  g. ,  in  cone  so >:co 
at  nigh  latitudes  Es  can  act  as  a  warnizg  of  future  local  disturbance. 

H.  5.  Albrecht  (Germany);  The  neses r-ary  equipment  is  relatively  inexpensive:  appropriate  time-signal 
receivers  are  c vs  available  from  industry:  production  tolerances  are  more  than  adequate  for  the  overall 
accuracy  aimed  at.  In  addition,  a  foie.- channel  ovcilksgraph  Jtboold  be  available  for  simple  display*: 
automatic  equipment  alignment  to  optimum  evanszmssien  freon  end  es  would  be  more  expensive. 

>s  shown  in  3, 5  of  the  paper,  the  ccrurrence  oi  Ec  was_found  la  terms  of  sppropriaiechange*  In  made, 
such  that  short -term  predictions  may  be  based  on  this  method 

E.  L.  Hagg  (Canada):  Do  you  experience  any  difficulties  due  to  ground  sidescatter  modes? 

H.  J.  Albrecht  (Germany):  la  Use  system  describe’,  ground  sides  cat:  »r,  similarly  to  any  other  type  of 
scatter,  would  appear  as  time  dispersion  on  signal  pulses  used  for  analyst  i.  A  deficit*,  interpretation 
of  such  record*  would  require  e  certvia  minimum  amount  o;  statistic*!  daft  of  direct-path  category, 
and  can  be  attempted  when  th is  condition  ie  fulfilled. 
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Z\  A.  Reynolds  (Canada):  (1)  What  is  the  practical  application  of  thia  system  to  a  communications 
circuit?  (2)  What  would  it  cost  fcr  an  individual  system? 

J.  W.  Ames  (U.  S. }:  The  practical  application  in  a  continuously  operating  radio  station  would  be  to 
greatly  reduce  the  work  load  or  required  skill  level  of  technical  control  operators  while  at  the  same 
time  improving  performance.  Additional  progi  .riming  could  provide  frequency  management  for 
moving  stations,  li  would  provide  immediate  good  performance  if  used  to  direct  an  intermittent  or 
standby  HE  link. 

The  cosc  is  about  $10,  OOu  to  $20,  000  for  the  processor.  A,  sounder  receiver  and  channel  monitor 
receiver  are  also  necessary.  Sounder  receivers  for  this  single  purpose  can  be  sold  for  under  $10,  000 
in  quantity.  A  new  channel  monitor  receiver  should  probably  be  designed  using  recent  techniques. 

The  cost  would  depend  on  whether  or  not  the  quick-change  capability  of  a  synthesizer  is  needed. 
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G.  W.  Haydoa  (U.  S. ):  Wha,  ic  meant  by  "daily"  absorption  values?  Is  it  a  daily  average,  a  comparison 
of  power  received  vs.  power  transmitted  or  a  comparison,  between  day  and  night  field  strengths? 

T.  B.  Jones  (U. K. )  (in  absentia):  The  absorption  was  measured  by  the  conventional  A3  technique.  The 
absorption  is  determined  by  assuming  the  reflection  co-efficient  of  the  Es  layer  at  night  to  be  unity.  It 
is  necessary  to  use  the  Es  layer  for  calibration  in  order  to  preserve  the  path  geometry  since  all  these 
•results  are  for  1  hop-E  modes  during  day  time. 

W.  R.  Piggott  (U.K.):  The  low  correlation  at  zero  distance  shows  the  importance  of  the  height  of 
reflection  on  the  observed  absorption.  This  suggests  that  the  paper  is  showing  how  this  van  in  with 
position.  Before  the  IGY  (1GY  Annals  HI  Ft.  A)  we  made  a  study  of  vertical -incidence  absorption 
and  found  that  storm-associated  absorption  varied  rapidly  with  latitude.  Does  ;he  difference  between 
months  depend  on  magnetic  activity? 

T.  B.  Jones  (U.  K.):  It  was  realized  that  differences  in  reflection  levels  could  influence  the  correlation 
obtained  between  the  various  circuits.  When  the  correlation  coefficients  were  examined  as  a  function  o: 
the  reflection  level  (i.  *.  in  terms  of  the  equivalent  vertical-icdidence  frequency  for  the  paths),  no 
systematic  trend  could  be  detected.  It  was  concluded,  therefore,  tnat  the  path  mid-point  separation 
rather  than  the  reflection  level  had  the  greatest  influence  on  the  correlation  coefficients,  for  the  circuits 
considered.  Little  change  with  magnetic  activity  was  detected. 

E.  L.  Hagg  (Canada):  I  noticed  the  low  correlation  particularly  for  the  May -August  period.  Now  thia 
io  the  time  when  sporadic  E  occurs  most  frequently  —  therefore  the  signals  at  one  reflection  point  may 
be  reflected  from  Es  and  at  another  from  the  normal  E  layer.  Thus  the  deviative  absorption  may  differ 
at  various  reflection  points. 

T.  B.  Jones  (U.K. ):  I  agree.  However,  the  occurrence  of  the  Es  is  probably  sufficiently  wide-spread 
to  influence  moat  of  the  paths  considered. 
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P-  A.  Reynolds  (Canada:  (1)  What  sort  of  staff  complement  is  used  in  the  forecast  center?  (2)  How  is 
the  forecast  information  paused  to  the  user?  By  mail? 

T.  D.  Damon  (u.  S. ):  (1)  By  the  'end  of  this  year  we  will  have  an  officer  forecaster,  a  non -commissioned - 
officer  forecaster,  an  an  ob-.eiver  (for  data  handling)  on  end.  shift  around  the  cioctc  (2)  Forecasts  are 
disseminated  to  users  by  use  of  the  entire  tnititsxv  c om-nuni cafi rsza'  facilities  of  NORAD.  telephone, 
teletype,  etc. ,  depending  on  ‘he  requirement*  of  the  customers. 

J.  H.  Meek  Do  you  bare  a  way  o*  getting  feedback  from  the  user  to  inuiiate  the  -usefulness,  oi 

the  forecast? 

T.  B.  Damon  (U.S. );  For  our  highest  priority  customers,  wt  have  a  man  assigned  to  the  operation  to 
assist  them  in  interpreting  ami  using  our  forecasts,  to  advise  us  of  the  usefulness  of  our  product,  to 
suggest  changes  in  types  of  forecasts,  formats,  etc. ,  and  to  evaluate  our  service  in  genteel. 

J.  W.  Ames  (U.d.  )j  What  training  do  your  forecasters  restive? 
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T  D.  Demon  (U.  ?. ):  All  officer  forecasters  have  B.  S.  degrees  in  meteorology,  physics,  math,  or 
clber  science  and  M.  S,  degrees  in  astrophysics,  geophysics,  solar  physics  or  related  subjects. .  They 
have  experience  ia  weather  forecasting  md  are  given  on-the-job  tranxning  in  solar  and  ionospheric 
forecasting  at  the  forecast  center,  The  NGO  forecasters  have  weather  forecasting  experience  and  attend 
r  special  training  course.  Moot  of  them  have  had  experience  at  a  solar  /geophysical  observatory.  4 

Cypher  (Canada).*  Ho  you  have  an  extensive  sorvice  predicting  fade-outs  over  a  large  geographical 

ar.a? 

f*  Damor  (U,  S, ):  The  Forecast  Center  is  responsible  for  predicting  ionospheric  conditions  primarily 
ov  »r  the  northern  hemisphere.  Effects  of  solar  flares  and  geomagnetic  storms  are,  of  course,  observed 
in  both  hemispheres  simultaneously,  but  we  do  not  now  make  quantitative  predictions  for  the  southern 
hemisphere. 
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A.  Katz  (U.  S. ):  How  was  Matsushita' s  work  concerning  foF2  changes  during  storms  related  to  the 
predicted  MUF  changes  obtained  in  your  prediction  program? 

C.  H.  Stonehocker  (U,  S. ):  The  MUF  factors  in  the  latitude  bands  used  by  Matsushita  for  this  foF2 
changes  were  examinee.  The  changes  in  the  factors  wer -  then  combined  with  the  critical  frequency 
changes  to  give  the  sto/m-associcted  changes  in  MUF. 

Z.  H.  Meek  (Canada):  I  am  concerned  about  the  use  of  computers  for  turning  out  forecasts  in  a  field 
like  this  one  where  so  many  variables  are  involved:  (a)  the  forecast  can  be  no  better  than  the 
hypotheses  originally  put  into  the  computer  program,  (b)  the  scientist  often  having  pvt  his  best  efforts 
into  devising  the  program  then  fee>.3  that  bis  job  is  done  and  turcs  his  attention  to  more  interesting  and 
more  impractical  ventures,  (c)  the  program  almost  always  involves  smoothing  of  data  which  eliminates 
the  <3  etretion  oi  minor  events  which  may  be  of  real  importance  to  the  communicator  who  operates  in  real 
time  and  not  in  statistics. 

Since  it  is  not  convenient  to  alter  the  program  even  if  it  is  devised  with  that  in  mind,  the  value  of  the 
forecast  quickly  reaches  a  plateau. 

J.  W.  Ames  (U.  S. }:  These  are  certainly  all  good  joints  to  take  into  consideration  in  building  a  system. 
However,  the  augmentation  of  a  forecasters  memory  and  giving  him  a  way  to  take  into  consideration 
many  extensive  calculations  quickly  are  a  help  which  overshadows  your  points  at  this  time.  Improve¬ 
ments  -oust  be  incorporated,  of  course.  Hopefully,  this  will  be  done  often  and  in  a  learned  manner. 
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1.  Paghia  (Canada):  The  biggest  problem  ia  flare-to-storm  correlation  is  that  there  is  not  a  one-to-one 
correspondence.  The  problem  has  two  parts:  first,  there  are  more  flares  than  there  are  things  that 
we  identify  as  storms,  and  second,  not  all  ator-ns  arc  flare-associated. 

3*  V.  Uncoil  (U.  S. );  To  emphasise  this  point,  if  you  look  in  acy  issue  of  'TSolar -Geophysical  Data", 
you  will  see  that  there  ar*  far  toe  many  flares  for  any  individual  flare  to  be  associated  with  a  later 
geomagnetic  atOiTO  without  using  other  criteria  as  well-  Sclar  radio  waves  are  found  to  be  an  important 
factor,  for  example.  It  is  not  easy  to  make  the  flare-storm  association,  but,  at  least  Mr.  Cook  has 
had  the  courage  to  publish  his  associations  in  detail. 

C.  G.  McCue  (Australia!:  The  problem  is  recognized.  In  Cook' s  work,  if  such  confusion  arises,  he 
gives  alternative  analyses. 
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H  G.  Moeller  (Germany):  For  the  Vi-F  transmission  measurements  to  investigate  PC  A  events  you  used 
a  frequency  of  18.  6  KKe.  Would  a  similar  effect  have  been  found  on  10  KHz  ? 

K.  K.  Rinnert  (Germany h  The  frequency  range  around  2l>  KFz  3-ems  to  be  the  most  sensitive.  We 
have  only  a  law  measurements  on  a  transpolar  path  at  10.  2  XHx  from  the  OMEGA  station  in  Hawaii. 

They  -  tow  only  extremely  small  effects  drying  polar  disturbances. 

i>.  Davidson  (U.S,  j:  You  will  ncte  that  amplitude*  over  C-eenlaad.  ice-cap  paths  ?.-e  far  more  sensitive 
to  PC  A  effects.  It  would  have  been  interesting  in  yc»i  pre-print  paper  to  cave  parallel  display  of 
NSG-Sodanlryls.  with  NSS-iindau.  This  has  been  discussed  in  a  recent  paper  In  Planetary  and  Space 
Science  bv  W~sterluud  «st  ai,  who  show  seme  of  you-  results,  I  believe. 


D  8 

K.  K,  Rinnert  (Germany);  Unfortunately,  we  have  a  lot  of  instrument  troubles  at  the  station  in  northern 
Finland.  There  is  not  enough  data  for  statistical  comparison,  but  there  are  special  events  showing 
,  '  PCA, effects  on  the  NSS -Sodankyla  path  and  AZA  effect?  on  the  NSG-Linday  path  about 2  days  later. 

This  seems  to  occur  only  for  very  strong  geomagnetic  f terms,  e.  g. ,  September  3-4,  19*>6. 

T.  Larsen  (Norway):  We  see  great  changes  in  phase  of  the  10. 1  Khz  Hawaii  transmitter  (up  to  80  or 
90  Us)  at  Tromso  during  PC  A'  9.  This  path  seems  to  be  very  sensitive  to  such  events. 

K.  K.  Rinoert  (Germany):  At  Lindau,  however,  for  about  S  FCA  events  during  one  year,  there  were  no 
very  great  phase  effects. 

K.  Davies  (U.  S.  ):  Is  the  absence  of  VLF  phase  effects  during  PCA*  s  caused  by  mode  interference? 

K.  K.  Rinnert  (Germany);  We  received  OMEGA  Hawaii  on  10.  2  and  13.  6  KHz.  In  this  frequency  range, 
the  2nd  mode  is  too  much  attenuated  over  1 0,  0G0  km.  The  received  signal  from  MPG  crosses  the 
Greenland  ice  with  very  high  attenuation  even  for  the  second  mode.  There  is  no  interference  pattern 
during  sunset  and  sunrise. 

P.  Simon  (France):  I  suspect  that  the  protons  responsible  for  the  absorption  at  VLF  are  not  precisely 
the  same  energy  as  the  ones  producing  PCA.  When  you  have  absorption  on  VLF  do  you  always  have 
absorption  indicated  on  riometer  ? 

K.  K.  Rinnert  (Germany):  We  correlated  our  VLF  measurements  with  riome.er  observations  made  at 
Godhaven  in  Greenland.  la  the  summertime,  the  sensitivity  of  the  riometer  is  much  greater  and  during 
the  equinox  it  is  about  the  same  as  the  VLF  so  that  then  the  VLF  event  accompanies  the  PCA  observed 
by  riometer.  They  must  not  he  the  same  protons,  but  their  effects  occur  during  the  same  time. 
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J.  B.  Lomax  (U.S.):  We  have  found  that  a  better  predictor  than  the  3-day  running  average  yon  used  is 
one  based  on  giving  weight  one-half  to  the  preceding  day,  ooe-fobrth  to  the  day  before  that,  etc. 

S.  M.  Bennett  (U.S.):  It  certainly  should  be.  Something  else  to  try  is  the  sum  of  Kp  over  longer  periods 
of  .time  and  tibia  would  tend  to  give  substantial  weight  to  the  most  recent  previous  disturbed  day.  This 
is  another  example  of  persistence. 

K.  Davies  (U,  S.}:  Why  is  it  necessary  to  determine  foF2  changes  via  magnetic  and  solar  radio  noises 
flux?  Wouldn’ t  it  be  just  as  logical  to  forecast  foF2  and  hence,  to  determine  Kp  and  flux? 

S.  M.  Bennett  (U.S.):  Solar  flux  and  magnetic  disturbance  measures  are  conveniently  available  lor 
analysis.  They  represent  overall  indices  of  the  major  perturbation  mechanisms  for  the  F-region  plasma 
frequency.-  The  response  of  the  F  region  is  known  to  vary  substantially  with  season,  time  of  day  and 
location  and  to  infer  the  strength  of  the  perturbation  sours e  from  the  response  seems  circuitous. 

P.  A.  Simon  (France):  1  suggest  the  use  of  new  criteria  for  the  forecast:  solar  activity  is  roor-j  complex 
than  it  appears  through  the  10  cm  flux. 

W.  R.  Piggott  (U.K.):  I  would  point  out  that  magnetic  disturbance  can  give  positive  or  negative  per¬ 
turbations  of  foF2  depending,  for  SC  storms,  on  the  UT  at  which  the  storm  started.  This  tends  to 
underestimate  the  importance  of  magnetic  -associated  terms.  For  a  low  latitude  station  at  hours  when 
storm  effects  are  predominantly  positive  you  can  find  large  Kp  factors  which  teed  to  hlee  the  10  cm 
perturbation. 

S.  M.  Bennett  (U.S.):  I  agree.  The  period  chosen  for  study  (1961)  exhibited  substantial  27  day  periodic¬ 
ities  in  solar  10  cm  flux  and  was  particularly  useful  for  elucidating  any  daily  correlation  between  solar 
flux  and  daily-hourly  foF2.  The  results  for  Washington  should  be  taken  as  suggesting  that  the  contribution 
to  the  variance  by  certain  solar  and  geophysical  variables  may  be  treated  quantitatively,  bui  the  relative 
importance  of  the  independent  variables  considered  changes  with  local  time,  season, and  geographic 
location.  What  we  really  wish  to  know  is  whether  their  relative  importance  varies  in  a  systematic  way. 

J.  V.  Lincoln  (0.5.}:  Just  a  reminder  that  to  actually  use  your  method  for  the  day  ahead  you  will  have 
to  predict  Kp  from  some  local  K.  Thus  adding  to  the  variability. 

S.  11.  Bennett  (G.S,):  The  objective  of  the  study  was  to  establish  reasonable  relationships  between 
solar -geophysical  parameters  and  foF2  variability.  To  the  extent  that  any  parameter  is  conveniently 
available  and  well-correlated,  it  can  be  utilized  for  prediction  purposes. 
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3.  H.  Meek  (Canada':  You  hr.ve  discussed  tht  characteristics  and  change*  in  Es  and  abaorptioabnt  I 
did  not  bear  mention  of  the  precursor  events  whi<~hai<j  '.olid  At  a  result  of  this  work.  . 

E  1-Jarnischmsc.ier  (Germany);  (1)  The  Es  anywhere  ir  the  precursor.  With  the  drift  moraawtt  W*  . 
can  forecast  the  azimuth  in  which  the  Es  will  znov'j  in  .the  next  few  hours,  and  from  the  periodicity  we 
can  estimate  that  some  IE  or  24  hours  later,  there  will  be  Es  at  the  same  place.  (2)  The  precursor!* 
the  magnetic  storm.  Two  to  4  days  later  you  hare  s.  maximum  in  absorption. 

H.  G.  Moeller  (Germany):  According  to  Mr.  Ha  mi  a  chmacner ,  an  increase  of  Kp  should  be  used  as  a 
precursor  to  indicate  an  increase  of  absorption.  For  practical  purposes  this  is  not  meaningful.  Ona 
should  investigate  whether  the  same  correlation  exists  if  instead  of  Kp,  the  magnetic  activity  measured 
at  the  seme  station  could  be  used. 

E.  Harnicchmacher  (Germany);  \Y  >  clan  to  make  such  an  investigation. 
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P.  Halley  (France);  Si  j'  oiea  compris,  1'  auteur  indique  dans  la  premiere  partie  «!«  I*  exposfe  q«e  le 
parcours  2F  est  moin  .diaiblk  que  le  parcours  IF  et  d'  autre  pan  que  1'  affaiblessement  a 
l'bvanouissement  de  T  or.de  et  a  1'  absorption  dfeviative  peut^tre  plus  important  que  1'  affaiblessement 
du  a  1*  absorption  non  dfeviative.  Ces  resultats  peuvent  €tre  obtenus  par  le  caicul  et  sont  conformes  a 
1'  application  de  Xa  thfeorie  magnfetoiaaique  au  modele  ionosphferique  plan  ou  sphferique,  en  presence 
des  cnocs,  pour  des  vsxeurs  convenables  des  caracteristiques. 

C.  G.  McCue  (Australia):  I  agree.  Howe’  er,  although  these  results  are  well  known,  they  have  not  been 
applied  adequately  in  the  past.  It  should  be  done  now. 
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A.  F .  Barghausen.  (U.  S. ):  Since  Mr.  Gerson  arrived  at  Gray  Rocks  after  the  synposium  had  been  in 
session  for  two  days,  he  could  not  be  aware  of  the  fact  that  many  of  his  points  have  already  been  dis¬ 
cussed.  His  detailed  comments  on  the  computer  program  used  by  ITS  actually  had  to  do  with  an  older 
version  (the  5  68  version)  and  some  of  bis  objections  have  been  recognized  and  corrected  in  the  *  69 
version,  described  in  an  ESSA/ERL  report  ITS  78.  Comparisons  have  been  made  (as  he  suggests), 
sporadic  E  has  been  mapped  and  is  now  taken  into  account,  and  the  absorption  equation  has  been  im¬ 
proved.  The  atmospheric  noise  maps  are  being  redone  to  give  noise  sources,  from  WMD  information 
of  thunderstorm  centers,  and  this  should  give  better  prediction  of  the  effects  of  atmospheric  noise  as 
received  by  use  of  (usually)  directive  antennas.  In  fact  however,  interference  is  more  often  the  limiting 
factor  rather  than  atmospheric  noise. 

Dr.  Meek  has  raised  objection  to  the  use  of  computers.  Because  of  the  large  number  of  variables 
involved,  a  computer  is  essential  ii  an  at  equate  io'u  is  to  be  done,  either  for  long-term  or  short-term 
prediction.  The  central  facility  suggested  by  Mr.  Gerson  is  in  operation  at  ITS.  A  time-share  com¬ 
puter  c.--n  be  accessed  to  give  the  desired  information  rather  quickly. 

N.  Gerron  (U. S. ):  My  remarks  apply  to  the  ITS  1968  version  which  1  have  examined  in  detail,  and  not 
to  the  1969  version  which  1  have  not  seen. 

G.  W.  H&ydon  (O.  S. ):  At  a  co  author  of  ITSA-1  (the  1968  version  referred  to)  I  wish  to  thank  Mr.  Gerson 
for  the  publicity  he  has  given  the  computer  methods  of  ionospheric  predictions  outlined  in  that  publication, 
and  for  his  recognition  of  ihe  fact  that  thjy  have  been  so  extensively  used  nationwide. 

N.  Gerson  (U.  5.  ):  You  raise  a  good  point.  It  would  be  impossible  to  do  by  hand  ir.  any  reasonable  time 
what  can  now  be  quickly  done  by  computer.  Whether  it  is  worthwhile  to  do  it  by  computer  or  by  hand, 
however,  is  a  legitimate  concern  of  this  type  of  conference. 

R.  W.  Madden  (U.5.  ):  With  regard  to  your  remarks  regarding  the  whimsy  of  the  ionosphere,  I  would 
suggest  that  we  should  be  very  cautious  in  substituting  nature*  s  whim  for  that  of  a  hostile  power.  I 
would  point  out  that  cables  can  be  cut,  and  hav^  in  the  past,  and  that  satellites  can  be  jammed  and  may 
he  in  the  future*  and  I  think  that  what  we  should  be  concerned  with  in  military  communications  is  a  proper 
mix  to  make  sure  that  neither  the  whimsy  of  nature  nor  the  hostility  of  a  foreign  power  can  foul  us  uo. 
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j,  A.  Peynolds  (Canada):  Someone  should  demise  a  system  to  let  os  know  -when  the  elaborate  masses  of 
equipment  are  actually  working  together  properly. 

r.  Green  {Canada):  You.  have  mentioned  monitoring  the  base  station  as  a  requirement.  What  does 
this  mean?  What  is  the  base  station  transmitting,  traffic,  tone,  or  beacon  signal,  etc.  ? 

R.  P,  Hypher  (Canada):  It  means  passive  listening:  transmissions  are  traffic  and  weather. 

X.  P.  Sudworth  (U.  K. ):  Experience  with  RAF  Coastal  Command  confirms  general  pattern  of  operation. 
However,  in  a  few  yt*a «•*  there  will  be  a  need  for  completely  automatic  data  transmission  from  aircraft, 
and  there  will  then  be  a  need  for  accurate  automatic  selection  of  the  best  frequency. 

R.  P.  Tlyoher  (Canada):  I  agree.  The  U.S.A.F.  is  now  doing  this,  to  some  extent,  on  the  CSA  where 
impending  Or  present  maintenance  problems  are  described  to  the  base  station  so  that  preparations  can 
be  made  before  actual  landing. 
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S.  H.  Meek  (Canada):  In  Paper  1 1  defined  what  1  mean  be  "prediction"  and  by  "forecast",  and  I  would 
like  to. ask  Mr.  Prcbst  what  he  means  by  the  two  terms. 

S.  E.  Probst  (U.S.):  1  use  the  word  "prediction"  to  refer  to  the  prediction  of  monthly  values,  medians 
or  deciles,  on  a  long  term  basis,  say,  three  months  in  advance,  for  planning  selection  of  frequencies 
to  be  assigned  to  a  circuit.  Or,  perhaps,  the  frequencies  may  be.given  for  entire  seasons  and  for  high 
and  low  sunspot  numbers.  1  reserve  the  term  "forecast"  for  information  with  regard  to  what  is  going 
to  happen  in  a  day  or  two  or  in  an  hour  or  two  by  way  of  deviations  from  the  "predicted"  situation. 
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K.  Davies  (U.3,)  :  Why  are  there  no  forecasts  issued  by  Britain,  and  Canada? 

L.  E.  Petrie  (Canada)  :  At  least  in  Canada,  many  of  the  users  of  HF  communications  circuits  find  that 
in  many  instances,  the  month1  y  predictions  are  quite  adequate  and  that  most  of  their  outages  are 
probably  not  due  to  the  ionosphere  but  are  probably  due  to  inadequacies  in  equipment  and  installation. 
However,  some  Canadian  user  3  maie  extensive  .ise  of  the  American  system  die  cussed  here  by 

Miss  Lincoln  and  by  Mr.  Salaman.  One  of  the  difficulties  is  that  possibly  some  of  tho  parameter? 
supplied  to  *he  users  are  not  what  they  require.  I  am  not  a  user  so  I  would  like  to  bear  form  the  users 
as  to  their  requirements.  Have  they  any  use,say  for  a  forecast  24  hours  in  advance  and  could  they  take 
advantage  of  such  a  forecast  if  it  were  reliable? 

W.  R.  Piggott  (IT. K. );  There  are  possibly  three  main  reasons:  a.  It  is  not  obvious  that  a  forecast 
system  is  economically  justified;  b.  a  good  forecast  system  demands  a  first  class  man  for  its -creation 
and  largely  because  of  (a)  such  people  are  not  attracted  to  the  problem,  c.  the  users  who  could  gain 
most  from  forecasts  are  unorganized  and  do  not  know  the  possibilities.  Some  education  is  required. 

D.  A.  Reynolds  (Canada)  :  I  represent  a  uaer--ihe  Canadian  Forces  Communication  System. 

Len  Petrie  mentioned  that  they  (CRC)  provide  communications  predictions  for  average  conditions. 

Through  headquarters  BCN  Australia  broadcasts  their  XP5D  warnings  to  everybody  in  the  U.  K. .  We,  in 
turn,  publish  the  IPSD  warnings  to  all  Ae  Canadian  military  radio  stations  and  ships  at  sea.  We  also 
find  WWV  a  great  help.  So  we  use  these  all  the  time;  The  IPSD  warnings  and  WWV. 

L.  V.r.  Barclay  (U.K.):  1  asked  an.  associated  company  who  provide  ship  radio  operators;  they  said  they 
could  not  use  short  term  forecasts  as  the  circuits  ware  controlled  from  ike  shore  end  and,  in  some 
cases,  frequencies  inappropriate  from  long  term  predictions  were  used.  British  military  long  term 
predictions  have  been  provided  by  .the  JRPB  for  a  number  of  years  and  we  have  now  been  asked  to  expand 
this  service  and  to  provide  short  ter  r:  forecasts.  To  start  with  vc  will  hive  to  lean  heavily  on  those 
organizations  which  are  currently  issuing  predictions, 

L.  E.  Petrie  (Canada):  I*  m  very  happy  to  hear  from  the  users,  and  now  may  I  ask  them;  How  do  you 
use  these  forecasts?  In  what  way  do  you  make  use  of  them  on  the  HF  communication  circuits?  One  of 
the  speakers  mentioned  using  them  to  indicate  the  time  when  they  may  have  outages,  but  this  is  some¬ 
thing  usually  found  after  the  event.  Do  you  use  them  In  real  time?  Do  you  use  the  actual  prediction 
into  the  future  in  operating  HF  communication  circuit*  ? 

P.  Hypher  (Canada):  The  users  I  am  concerned  with  are  those  on  air  -ground -air  circuits,  and,  in 
particular,  radio  officers  on  aircraft.  W e  need  mere  than  the  knowledge  of  a  condition.  What  wc  need 
is  an  instantaneous  system  which  says  what  frequency  if  or  in  not  usable  right  now  so  that  the  radio 
officer' s  time  is  not  wasted. 

3.  H.  Meek  (Canada):  In  answer  to  Ken  Davies'  question:  We  had  a  forecast  system  which  we  stopped 
in  1944  and  we  stopped  not  because  we  thought  that  these  forecasts  were  not  of  use  anymore  but  by  that 
time  after  our  meeting  (Britain,  Australia,  the  United  States  and  Canada)  it  was  obvious  that  the  U.  S. 
was  going  to  set  up  a  well  staffed  center  for  storm  warnings  and  forecasting  and  there  was  no  point  in 
our  attempting  to  carry  on  with  men  and  a  dog  which  was  about  all  we  had  available.  So  we  contributed 
quite  a  bit,  as  did  the  British,  to  the  common  pool  of  knowledge  of  how  to  do  this  and  the  U.  S.  set  up 
the  service  which  has  been  going  ever  since.  As  to  why  we  don' t  have  a  service  now:  The  value  of  the 
system  lust  hasn’ t  Improved  very  much.  It  has  value,  but  in  all  these  years  it  has  a*  t  improved  very 
much.  It1  s  still  about  the  same  sort  of  f  y^tsm,  giving  about  the  same  accuracy,  and  a  groat  deal  more 
effort  is  put  ista  it.  Until  we  have  a  breakthrough  in  method,  there  is  no  point  starting  up  another 
service.  Such  a  breakthrough  can  be  made  right  now,  if  somebody  gets  down  to  work  and  looks  at  the 
data  to  work  oat  new  patterns  on  a  quantitative  basis.  We  must  relate  the  forecasts  more  closely  to  the 
communications  circuits  than  has  been  i.ne  fcuforo.  W  e  have  talked  about  "North  Atlantic  circuits"  and 
South  Atlantic  circuits",  but  there  is  a  great  deal  of  evidence  that  circuits  having  a  common  transmitter 
and  with  receivers  only  1  or  2  degree*  apart  (in  the  right  direction,  of  course  and  on  the  southern  edge 
of  the  northern  auroral  zone)  may  be  outstandingly  different.  We  have  to  be  a  little  more  precise,  but 
I  think  we  can  be.  And  we  must  give  the  communicator  an  estimate  of  the  frequency  bands  he  can  use 
and  of  the  powers  he  needs. 

One  more  point:  There  seems  to  be  a  general  feeling  that  when  there  is  a  "blackout"  nothing  can  be 
done.  In  fact  there  are  always  alternatives.  The  naval  officer  will  tell  you  that  the  alternative  is  to  go 
down  to  low  frequencies.  Since  he  has  a  worldwide  network  at  low  frequencies,  this  alternative  is  an 
obvious  one.  For  those  of  us  who  are  not  90  fortunate,  however,  there  are  still  alternatives,  such 
using  a  relay  statiun  3000  to  150?  mil  S3  it>  the  south.  Air  Canada  has  used  such  a  relay  station  to 
ccm~.Jir.um cate  with  aircraft  i-.oing  across  the  Atlantic.  Of  course,  it  is  not  as  convenient,  but  it  is  an 
alternative.  The  point  is  that  you  don*  t  just  give  up  and  wait  until  the  storm  is  over.  Other  possible 
alternatives  include  using  different  propagation  modes  or  different  types  of  Service. 


C,  G.  McCue  (Australia):  IPSD1  s  forecasting  system  attempts  simply  to  predict  roughly  the  time  of 
magnetic  disturbances  and  the  probability  of  radio  fade-outs.  It  is  left  to  the  communicator  to  deciuf 
from  his  experience  on  his  own  circuits  what  he  will  do.  IPSD  uses  .noct  of  the  correlations  descrined 
by  the  earlier  speakers  plus  some  of  the  type  to  be  described  in  paper  No.  28  by  Coo  K.  IPSD  has 
undertaken  a  research  programme  which  included:  (a)  examining  the  morphology  of  sunspots  in  fine 
detail  to  identify  the  spots  which  will  develop  activity;  (b)  providing  communicators  with  advice  as  to 
how  they  can  minimuse  the  effects  of  ionosphere  storms  and  fade  outs;  (c)  forecasting  the  type, 
severity  and  timing  of  ionosphere  disturbances. 

P.  Halley  (France):  Depuis  quelques  annfees  certaines  administrations  francaises  out  manifesto  un 
interct  grandissant  pour  les  provisions  a  court  terme.  Ce  genre  de  provision  presents  un  interet 
mill t air e  certain,  pour  les  liaisons  en  HF  avec  les  mobiles  tels  que  les  navires  ou  les  avions  jusqukux 
plus  grandee  distances  (20  000  km).  Citons  a  titre  d'  exemple  des  sousmarins  dans  1'  oefean  glacial 
arstique  ou  blen  encore  une  force  aOrieane  stratOgique  qu1  il  faut  suivre  a  travers  les  oebans  et  les 
continents.  La  Division  des  Provisions  Ionospheriques  du  CNET,  dont  j'  ai  la  charge,  prepare 
occaslonneilement  des  prOvisions  a  court  terme  de  24  heures  qui  ont  pour  premiere  oase  de  dOpart  des 
provisions  a  long  terme.  Le  rOseau  des  stations  de  la  DPI  est  progressivement  OquipO  en  materiel 
divers  destinO  a  la  prOvision  a  court  terme. 

T.  Damon  (U.S. );  Paper  No.  26  describes  the  services  of  the  Air  Weather  Service  Solar  Forecast  Center. 

G.  A.  Kuck  (U.S):  Is  anyone  familiar  with  the  Russian  forecast  system?  One  difference  I  am  familiar 
with  is  the  use  of  magnetic  field  changes  in  active  regions  to  predict  when  a  region  will  Dar*-. 

J.  V.  Lincoln  (U.  S. ):  A  Russian  pamphlet  by  Zevakina  defines  their  system  Basically,  hourly  reports 
are  received  from  their  12-30  odd  ionosonde  stations  and  forecasts  are  prepared  for  a  few  houro  ahead, 
several  times  a  day,  of  A  foF2  both  positive  and  negative  for  specific  areas  of  USSR. 

Severny  has  a  paper  on  solar  flare  forecasting  to  be  published  in  proceedings  of  COSP AR,  Prague, 

May  1969.  Flare  forecasts  were  actually  made  only  at  times  of  their  manned  space  flights. 

W.  R.  Piggott  (U.K. );  1  would  like  to  comment  here  to  raise  an  important  point.  The  Russian  sector 
tends  to  he  appreciably  less  stormy  than  ours  and  this  means  in  practice  that  they  have  more  communi¬ 
cations  difficulties  due  to  big  differences  on  quiet  days  than  between  quiet  days  and  stoimy  days.  This 
is,  1  think,  the  main  reason  for  their  concentration  on  A  foF2  and  1  would  mention  this  as  forecast  groups 
who  are  concerned  with  the  world  as  a  whole  do  have  to  bear  in  mind  that  there  are  sectors  where  the 
quiet  day  variations  are  greater  than  the  quiet  to  stormy  day  variation. 

B.  Beckmann  (Germany):  The  USSR  forecasting  method  described  by  Zevakina  distinguishes  between 
positive  and  negative  disturbances.  Instead  of  positive  disturbances,  we  would  say  positive  phases. 

The  forecast  gives  both  kinds  of  change. 

S.  M.  Bennett  (U.S.):  In  connection  with  Dr.  Meek' s  suggestion  that  more  synoptic  mapping  be  done,  I 
would  like  to  mention  that  we  (AYCO)  have,  for  many  years,  conducted  syncptic  mapping  studies  of  both 
the  Arctic  and  Antarctic  and  also  of  the  Eurasian  area.  In  our  studies  we  find  that  the  best  parameter  to 
use  for  mapping  is  the  percentage  change  in  foF2  rather  than  A  foF2  in  MHz.  Thic  organizes  the  data 
very  well  during  storms  except  during  the  first  hour  or  so.  Recently  we  have  reduced  the  plotting  of 
maps  to  a  computer  program  based  on  a  weather  mapping  program  developed  by  the  U.  S.  Air  Weather 
Service.  While  considerably  reduces  the  t  diciusness  of  drawing  the  map,  I  think  it  gives  us  a  little 
less  insight  into  what  is  going  on  during  the  storm.  The  practice  of  drawing  the  map  by  hand  forces  you 
to  consider  very  carefully  whether  a  large  scale  patterns  exist.  In  fact,  they  do  exist,  both  in  A  foF2 
(percentage  change)  and  also  in  sporadic  E  especially  over  Canada  where  very  large  patterns  of  sporadic 
E  occur  during  magnetic  storms.  Finally,  regarding  the  comment  that  large  percentage  changes  in  foF2 
occur  over  Eurasia  during  quiet  times  —  I  think  this  is  true.  However,  I  think  it  occurs  all  over  the 
world  during  quiet  times  and,  in  fact,  that  is  the  basis  of  the  paper  I  will  be  presenting  later  on.  It 
appears  during  portions  of  the  solar  cycle,  especially  where  there  are  pronounced  2?  day  fluctuations 
in  the  solar  activity  as  measured  by  the  10  cm  solar  radio  wave  flux,  there  is  a  corresponding  daily 
variation  in  foF2  this  could  account  for  some  of  the  pronounced  prestorm  variability  that  we  seem 
to  have  observed  in  some  of  our  synoptic  mapping  studies. 

B.  Beckmann  (Germany) :  The  A  foF2  valu<  s  in  the  USSR  forecasting  method  are  calculated  in  percent. 
They  are  based  net  on  the  monthly  median  values  but  on  a  running  mean  for  10  days  before.  We  :ae  a 
running  ■»«"  of  27  days  for  our  calculated  quality  figure  describing  the  daily  variation  of  proj*gat‘.oa 
conditions  (as  published  in  the  Ursigram  code)  because  some  positive  phase  :  and  some  of  she  depression* 
due  to  disturbances  may  last  longer  than  10  days. 

W.  R.  Piggott  (U.K.  ):  I  wish  to  talk  about  forecasting  systems  as  seen  from  the  hwvuniti  •:  -  *vd 
parallels  can  he  drawn  from  Mr.  Dolittle  in  B.  Shaw's  Pygmalion.  The  majority  of  HF  t  -ra  "seeding 
.forecasts  are  si'nilar  to  "the  undeserving  poor. "  They  do  not  know  what  is  possible..  "  ■'t — iag  and 

above  all  cannot  afford  any  expensive  system  —  an  extra  bottle  of  beer  would  be  mere  t.  *  We  must 

consider  the  needs  Of  this  group  and  economically  justified  ways  of  mooting  their  seeds. 
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T.  S.  Devey  (Canada):  Association  over  the  past  several  yuars  with  the  service,  with  tae  ITU,  and 
w't'i  CCIR  Study  Group  XiH  cn  mobile  services,  suggests  to  me  that  the  maritime  mobile  so^vice  ia  a 
suustsniial  potential  uuei  of 'ireraetr.  Tne  thi  *  v.v.ers,  of  course,  are  reluctant  to  pay  more  than  is 
necessary  for  equipment  and  they  want  the  cheapest  possible  communications  over  the  great  distances’ 
trom  the  home  port  to  their  shipj.  Many  of  the  ships  registered  in  various  countries  seldom  see  tlieir 
home  ports.  Scandinavian  tankers,  for  example,  may  b  *  built  or.  the  other  side  of  the  world  —  many 
are  nbw  built  in  J?.p?n  --  and  their  routes  may  never  bring  them  "home";  even  their  overhaul  may  be 
carried  out  in  ship  yards  in  o'hcr  parts  of  tbe  world,  "'here  is  a  need  for  exchange  of  information,  and, 
to  sn  increasing  extent,  of  data  for  which  prov*sion  was  made  at  the  recent  maritime  conference  in  296?. 
But  they  would  1  kc  io  be  able  to  go  on  oue  of  the  HF  bands  and,  of  course,  there  are  only  ccvtf-ln 
frequencies  tney  can  use  so  that  they  cannot  always  use  an  optimum  frequency  for  their  communications. 
Becausi  of  propagation  failure  or  interfert  ncr,  available  frequencies  may  be  out  for  day?  at  a  time. 
Eventually,  however,  as  the  world  networks  become  even  further  developed  it  may  be  possible  to  tie 
into  a  coast  station  in  almost  _ny  part  of  the  world  sad  through  microwave,  systems,  cabin  systems,  or 
satellite  Systems  communicate  with  any  other  part  of  too  world.  The  need,  then,  will  not  be  for  such 
long  direct  paths  via  the  ionosphere  but  for  much  shorter  paths,  relatively  speaking,  to  a  court  staticr.  -- 
twe  or  three  thousand  miles,  perhaps,  rather  than  10,  000  miles.  So,  the  operator  on  the  ship  needs 
some  sort  of  graphical  aid,  perhaps,  by  which  he  could,  at  a  particular  time  of  year  in  a  particular 
part  of  the  world  establish  the  optimum  frequency  for  communication  with  a  particular  coast  station,  or 
by  which  he  might  be  able  to  choose  the  coast  station  *0  feed  lis  data  into.  From  a  synoptic  point  of 
view,  if  he  had  something  that  he  could  use  as  a  short  term  deviation  from  the  long  term  predictions, 
so  that  if  there  is  a  storm  in  progress  or  anticipatod,or  if  there  are  variations  expected  in  the  present 
ionorphere  conditions,  he  cam  make  \  more  accurate  estimate  of  the  frequency  to  v  *  n.  Similarly,  the 
ship  owner,  in  Oslo,  say.  could  determine  the  best  coast  station  through  which  to  contact  his  ship  in 
thv  Indian  ocean. 

H.  J.  Albrecht  (Germany);  It  is  well  to  keep  in  mind  that  tutu-re  requirements  may  differ  from  the 
requirement?  we  have  had  in  communications  work  during  the  past  10  cv  20  years.  The  ionosphere  may 
play  a  different  role  in  future  communications,  for  -,ce,  the  transparency  of  the  ionosphere  is  a 

rather  important  'actor  if  you  consider  sa-cJUte  communications..  I  would  like  to  suggeS>  that  wc  m»y 
now  be  in  a  period  which  aught  be  described  at  the  eve  of  the  new  tieli  of  long  distance  commtuiiceiions ; 
that  is,  satellite  communications.-  We  know  that  frequency  range,?  available  for  such  cc,:  act  are 
limited  on  the  lower  end  by  the  ionosphere.  We  know  that  up  *.0  abet-  S00  MHz,  especially  in  auroral 
regions,  you  may  find  rather  strong  influence  fiom  sciniilluKoi-s  and  v.  e  3 mo  know  that  satellite 
communication  on  these  frequencies  will  most  likely  become  very  important  in  military  and  civilian 
work  because.  At  least:,  by  the  present  standards  of  technology,  the;  1.  wer  frequency  ranges  within 
the  satellite  radio  window,  let'  a  call  it,  will  be  optimui  for  mobile  op '-rations  —  for  the  operation  of 
mobile  ground  terminals,  naval  applications  and  so  on.  Sc,  we  should  not  forget  to  modernize  our 
aspects  «nd  perhaps  to  include  predictions  of  iht«  effects  of  KcImiUatiors  a..d  transparency  oi  the 
ionosDhere 


it 


J.  H.  Meek  (Canada):  We  have  heard  a  number  of  people  mention  the  MUF  on a  the  LUF  as  if  the  b?.nti 
in  between  these  frequencies  is  always  available  tor  co  v -muni cations.  This  isn1 1  true,  as  the  oblique- 
incidence  '’oandingc  sh-vv,  A  second  point  has  to  00  with  the  infot-mati-c  provided  the  communicator. 

He  Is  not  interested,  ana,  in  fret,  u.iies»  us  training  acd  interests  are  euceptionaily  bread,  ccvnot  use 
data  about  the  sun.  He  noeds,  and  cat  u„ <s,  information  on  how  his  communication  circuits  arc  going 
to  1-e  effected,  and  thio  is  what  should  be  nuopiied  him.  Finally,  T1  d  tils  to  rapport  the  r.vmmirts  made 
on  satellite  communications,  especially  wit1-  metric  units.  This  .nilewr  what  I  said  earlier  about  cur 
future  concern  with  'ear  efficient  means  of  com  .'mini  c  uti  on  s  c-t  fveouvneie*  outside  the  HF  hand.  As 
impractical  as  it  may  sour-d  now,  eventually  we  will  be  able  to  use  a  yagJ  nr  a  dipolv  at  the  grou  'r. 
station,  anJ  wc  will  then  be  concerned  wl'h  uoise  coring  'n  fror-  tnc  envii orjn.eot  and  with  the  fvie 
structure  of  the  ionosphere  which  leads  to  wk.s  we  new  call  scintillations.  Ties  is  in  the  "uture,  e' 
course,  but  the  forecaster  should  be  preparb-.g  now  «•-.  'Hat  he  can  give  the  communicjtor  of  the  future 
what  he  is  certain  to  need. 

P.  H&lisy  'V'racce):  Te  p snso  qua  les  frequences  ■’itee  MUF  rt  L<.f  d4limitect  une  bandt  de  requeue e 
en  general  assez  comiuus-  f<cvr«.-u«  le  loadxge  oblique  ihdique  cliscoi-tin-iliee  dans  la  band e, 
i'  enregistremear  d'  amplitude  d*  continues,  sur  ics  frequences  tn  cause,  unoutre  en  general  ia 
reception  d' une  champ  utilisrble. 

J.  H.  Meek  (Canada):  Perhaps  we  see  much  more  of  these  effects  ir,  the  polar  f  egiev.  Multiple 
reflections  from  the  lonosphvrr  (more  tnan  one  mode  present)  can  give  you  interference  which  will  be 
on-mperrani  if  v>~u  are  wing  Moire  -oar:,  la  extremely  'mporU.:  for  r.oderc  comrnuni  cations,  i.  e. , 
for  high  data  rates.  Another  effect  is  that  of  the  intense  sporadic  F  _,o-t  e'Jh  of  <a*  fu on.  cone 

maximum.  These  can  prevent  radio  w  -  ves  for  some  frequencies  and  take-off  angles  from  reaching  the 
F  region  so  that  there  will  be  areas  on  the  giouml  at  certain  distances  from  the  transmitter  which  fan 
not  he  reached  by  way  of  reflections  from  the  ionosphere.  But  I  do  ag-ec  with  yc-u  that  Ciee -  fleets 
may  no-  be  so  important  'or  communicf^icns.  becauvi  tbs  anteunes  are  -  bsoad  beam  and  yoo 

do  get  propagation  IrCm  oft  tnc  great  circle  path  This,  too.  must  he  taken  i<to  account  ff  we  ore  ever 
to  produce  a  realty  advanced  forset-st  system. 
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-'■•  W.  Madden  {ll.  S. ;:  We  have  J.'-ird  discussion  as  to  whether  forecasting  at  HF  is  a  thing  of  the  future. 

It  seems  to  me  that  that  chpcussion  has  somehow  degenerated  into  talk  about  whether  HF  will,  in  f? o , 
ne  >uvd  as  much  as  it  is  now.  1  think  that  we  did  predict,  with  the  advent  of  the  cable,  that  high  frequencies 
would  go  out,  but  they  dida' t.  It  should  be  pointed  out  to  those  people  who  are  trying  to  design  mechanisms 
whereby  we  may  make  forecasts  that  whenever  one  has  an  aldocation-of -resources  problem  which 
requires  planning  for  the  future,  ft  is  essential  to  have  some  method  of  prediction.  And  anything  which 
is  reasonably  correct  will  help  us  manage  these  resources  better.  I  think  that  is  the  situation  we  are  in 
with  respect  to  HF,  la  spite  of  the  cheapness  of  transmitters  and  receivers,  we  require  their  better  uue 
and  wc  mast  be  able  to  predict  reliable  modes,  especially  for  the  use  of  cryptographic  equipment,  so 
that  we  Ca.1  plan,  say,  a  month  z  ead  as  to  what  frequencies  will  be  used,  what  stations  will  be  used, 
what  antennas  will  »e  used.  This  is  very  valuable,  and  from  my  point  of  view,  the  better  ws  can  predict 
(long-term  and  short-term)  the  better  off  we  will.  be.  Finally,  the  predictions  can  be  useful  in  the 
management  of  a  system  in  another  way:  if  contact  can  not  be  maintained  by  certain  stations  as  we  pre¬ 
dict  it  should,  they  may  usefully  he  informed  of  equipment  problems  they  might  not  otherwise  have 
discovered. 

C.  G.  McCue  (Australia):  Hans  Albrecht  has  suggested  that  I  msete  c  few  suggest!  ms  to  yen.  They  will 
not  he  in  logical  order,  but  they  may  be  worth  the  time.  (J)  We  must  educate  the  operational  people. 

We  must  cot  up  training  courses  for  the  services  and  fox  other  organizations  and  prepare  appropriate 
manuals  for  them.  (<£)  We  must  realize  that  different  customers  have  dill --ent  nurds— •  they  differ 
operationally..  an<-  their  needs  will  differ  in  jo  far  as  the  modi  cf  presentation  of  the  jirediction-forecast 
iniorcri-ition  -i  concerned.  For  example,  the  overseas  telecommunications  people  operate  straight  point - 
to— point  circuits;  the  aviation  people  have  a  certain  number  of  fixed  terminals  and  mobiles  going  over 
Ozzcil  routes,  the  naval  forces  have  a  few  bases  but  must  covar  'arge  „reao.  Predictions  are  required 
for  ail  theee  problems  and  they  can  readily  be  made  by  use  of  a  computer.  1 3)  On  the  matter  of  fore¬ 
casts,  some  n i  the  needs  of  the  future  relate  to  the  work  being  done  by  Or.  Simon  and  by  j£SSA  c-n  solar 
forecasts  to  give  us  as  much  lead  time  for  propagation  events  as  pcseinlc.  Wc  want  to  be  able  to 
estimate  tne  time  between  observation  and  event,  and  then  the  duration.  (4)  We  must  determine  how  the 
operational  people  can  minimize  the  effects  of  fadeouts  or  storms.  We  must  tell  then  what  to  do  with 
their  traffic  during  these  conditions  --  because,  there  is  often  something  they  can  do.  (5)  We  need  feed¬ 
back  or.  th*  success  of  our  predictions  and  our  forecasts.  In  our  case  wt  get  better  response  in  this 
regard  on  oar  forecasts  than  wo  do  on  cur  predictions.  This  seems  to  be  because  our  forecasts  are 
ueed  hy  people  engaged  in  research  as  well  as  by  communicators.  The  rerearch  people  plan  their 
experiments  to  take  pl-.ce  during  certain  events,  so  they  are  actually  waiting  on  our  information  --  and 
they  do  give  us  feedback,  lb)  Mr.  Albrecht  hat*  spoken  earlier  of  tho  need  to  icok  so  the  future  in 
designing  out*  forecasts  --  we  will  have  to  forecast  information  on  the  ti'  wsparency  of  the  ionosphere 
and  on  sclntxl-ations  for  satellite  communications.  But  we  should  ydso  extend  the  forecasts  to  lower 
frequencies  --  VLT,  for  example.  (?)  Research  is  necessary  on  ionosphere-stratosphere  coupling  an_ 
on  its  implications  -n  forecasting.  (8)  Finally,  the  recognized  need  for  forecasting  services  ha3  led  *c 
the  ectablisi-tn  eat  ot  organizations  for  thie  purpose;  but  there  are  many  oeople  cow  being  supported  in 
their  research  J.xly  because  such  organisations  exist.  These  people  sho'ild  give  some  utt ration  now  to 
the  practical  croblemii  tn  rebtxn  for  this  support. 

(Editor’  s  comment:  During  the  entire  conference,  the  usex'  s  viewpoint  was  continually  soi'ght.  hi 
additioi  .c  the  formal  pap  ere  presenting  this  viewpoint,  informal  onunr n*  from  the  floor  was  repeatedly 
arsed  for  with  the  intention  of  establishing  —  at  long  last  --  fully  ttvo-way  communications  between 
fo*  ..'easier  and  user.  Comments  b-  Hypher,  Reynolds,  Damon,  Green,  Meek,  Piggott  and  Devey  were 
given  in  response  to  this,  requeet.  These  are  briefly  summarized  in  what  follows.  / 

P.  Hypher  (Canada):  (l)  If  the  aircraft  pilot,  for  example,  is  the  ultimate  user  e£  the  forecast,  it  will 
not  he  enough- to  provide  him  with  a  set  of  frequency  charts.  He  needs.  something  --  perhaps  a  device  -- 
which  provides  him  (with  essentially  no  effort  on  his  part)  with  a  frequ-ncy  if  there  i  ?  one.  and  if  it  is 
one  assigned  for  Die  use  -  -  or,  if  ih.exe  is  vone,  an  indication  of  this  fact.  The  ground  station  can  then 
be  fully  awax  e  —  usually  —  of  any  problem  which  makes  it  impossible  for  ihe  pilot  to  make  kin  half- 
hourly  report  to  the  ground,  station.  (?.)  Finding  the  right  frequency  is  cot  the  only  problem  facing  the 
men  in  the  cockpit  —  nor  is  it  the  most  important  one  —  so  that,  if  communications  are  to  be  maintained 
through  the  static  of  rain  ana  thunderstorms,  for  examd  and  in  spite  of  fatigue,  the  frequency  pre¬ 
dictions  must  be  accepted  with  a  higa  level  of  coniidonne.  Otherwise,  they  may  well  be  igr. vied.  At  Use 
present  time  the  user  docs  ao:  kxvn  much  confidence  in  then. 

JJ.  A»  Reynolds  (C.v-ada):  Ocx  ground  staticn  operators  and  technicians  are,  in  general,  high  school 
graduates  with  many  yt—rtj  cf  erpcrience.  V&e?  however,  overworked  and  underpaid;  their 
wtir>  nj  conditions  can  be  unpleasant  —  for-  example,  3-cer  many  oi  yc-  lave  vicited  a  trauamfl-tex'  site 
vurlcg  llqhtnfcp  storm?  So  there  men,  too,  hsvr  toVcr  t* *  igs  ;o  think  ah:, at  besides  the  optimum 

for  car Ar.cnicaaont  with  the  a'rcrsf  J*?!  a tr  cut.  -,r;  tb.  Chi',  predictions  which  work 
v*e3  for  a?  but  we  hyvv-  cos  t  to  the  USAF  technique  for  provioieg  the  aircraft  with  usab:  frcquonoiei, 
i,  <  ,  iv.o  t.rjicul  operator  has  the  reetc  of  foe  aircraft  and  each  time  foe  aircraft  calir  it  ur  provides 
it ' Ath  c.  prit.jccc  and  *  itseobry  frequency,  based  cm  the  prediction*  and  oo  ids  experience.  For 
disturbed  period*  we  rnjy  or  ;?w  XP«X,  pi  relict-  <-0  trm.  \Sr,  McCue*  z  organic  vitoc  iu  Australia,  which 
wc  learned  aleJUt  qr;tchy  accident.  Tr  ‘.s  is  ac  example  of  ii/^xre  cf  Aotcmuricatxojs:  plicse  le<  wj 
know  what  you  hare  available  for  no  to  we.  It  is  eatremely  Htdcul*.  to  find  anyone  who  can  \or  is  willing 
to)  write  slmpi;  » pressed  nrtiviee  o»  propjgvi&u  rad  oommurieati  on  *  that  our  tirople  can  understand 
and  male  use  of. 
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7.  Came  ■>  (U.  S. ):  For  about  three  month*  early  thi*  year  we  attempted  to  make  MUF  prediction*  for 
the  si  -craft  flying  weather  reconnaissance  across  the  North  pole.  They  are  required  to  report  their 
weather  observations  every  hour  and  we  insisted  that  at  the  same  time  they  report  their  operating 
frequency  vnd  oomnutnication  condition*.  1  went  along  on  one  flight  during  which,  aftm-  passing  Thule, 
oinmtinications  with  that  station  went  out  as  we  continued  toward  Norway.  The  predictions  indicated, 
that  contact  with  Archorage  was  possible,  however,  and  the  major  problem  was  to  convince  the  co -pilot 
(who  has  the  responsibility  for  communications)  that  he  ought  to  try  it.  So,  the  operator  m»st  be 
educated  Two  other  things  coining  out  of  this  experience  may  be  mentioned.  During  one  flight,  com¬ 
munications  were  very  po<--r  on  the  predicted  frequency  until  the  ground  station  log-periodic  antenna  was 
pointed  i.>.  the  proper  direction.  The  second  point  is  that  the  predicted  MUF  was  generally  much  higher 
than  any  of  the  frequencies  assigned.  For  weather  forecasting,  there  is  a  staff  meteorologist  who  is 
assigned  to  the  customer.  When  the  customer  has  a  weather  problem,  he  consults  the  staff  met.'  This 
same  approach  is  being  attempted  for  the  solar  and  ionospheric  predictions  user. 

F.  Green  (Canada):  Experience  is  the  best  teacher..  The  operators  must  be  trained  in  these  matters, 
but  I  suggest  that  the  forecaster  will  benefit  and  be  able  to  do  his  job  better,  if  he  takes  part  in  some 
of  these  missions,  sitting  at  the  elbow  of  the  operator,  so  to  speak. 

J.  H.  Meek  (Canada):  In  my  early  nays,  I  was  required  to  teach  young  service  pilots  elementary 
meteorology.  I  was  not  there  to  tell  them  about  the  composition  of  the  atmosphere  or  the  fine  structure 
of  the  wind  distribution  with  height,  but  about  icing  of  their  aircraft  and  what  to  do  about  it,  and  about 
vapor  trails  which  could  make  them  more  easily  seen  and,  therefore,  vulnerable  to  enemy  action.  1 
was  there  to  tell  them  abtut  the  physical  basis  of  some  of  the  problems  they  would  run  into  and  how  they 
might  be  solved.  Similarly,  if  a  person  from  an  ionospheric  laboratory  could  spend  a  few  hours  a  week 
for  several  months  as  one  of  the  instructors  charged  with  training  potential  operators,  he  would  be 
serving  a  very  useful  purpose.  In  addition  he  would  learn  something  about  the  operator’ s  point  of  view. 
If  this  kind  of  cross -fertilization  can't  solve  the  problem,  nothing  will.. 

W.  K.  Piggott  (U.K. ):  If  your  forecasts  are  to  be  used,  it  is  essential  that  you  have  the  confidence  of 
the  skilled  man.  Don' t  try  to  bluff  him.  You  cannot  afford  to  make  a  mistake.  If  your  forecast  is  only 
a  gues6,  cell  him  so. 

T.  E.  Devay  (Canada):  Consider  the  spectrum  manager  {more  precisely,  the  spectrum  engineer)  whose 
job  it  is  ic  plan  £cr  efficient  use  of  the  spectrum.  Even  now  we  are  not  very  deeply  involved  in  MF  and 
KF  problems,  but  these  are,  in  fact,  more  complicated  than  those  associated  with  microwave*  or  VHF, 
for  example,  and  they  sr^  getting  worse.  We  need  the  information  that  you  forecasters  have  in  order  to 
develop  techniques  for  assigning  frequencies  so  that  interference  can  be  minimized.  And  this  is  a  point 
for  you r  consideration.  Although  there  has  been  frequent  mention  of  "outage,"  an  equally  important 
possibility  which  renders  a  frequency  useless  may  be  that  that  frequency  is  already  being  used  success¬ 
fully  by  someone  else,  i.  e. ,  that  interference  is  excessive.  Your  forecast  must  take  thi*  into  account. 

E.  W.  Peterkia  (U,  S. )?  Although  the  remark  may  be  obvious,  it  is  well  to  keep  in  mind  that  any  system 
that  uaex  the  ionosphere  will  be  disturbed  when  the  ionosphere  is  disturbed.  Although  we  have  talked 
almost  eu‘-irel/  about  communications,  there  are  other  applications:  navigations,  surveillance  systems, 
and  possibly  intelligence  systems.  AU  of  these  will  need  forecast  information. 

N.  Gerson  (U.  S. ):  It  must  be  kept  in  mind  that  the  ionosphere,  with  which  the  predictions  and  the  fore¬ 
casts  are  primarily  concerned,  is  only  one  aspect  of  the  problem.  If  the  antennas  are  inefficient,  if 
there  is,  say,  a  d  dB  drop  between  the  antenna  and  the  receiver,  required  signal -to -noise  ratios  may 
not  oe  maintained  foz  a  particular  circuit  and  it  will  seem  to  "go  out"  much,  more  readily  than  others 
when--  design  oi  the  antennas  and  coupling  circuits  are  better.  This  is  entirely  apart  from  the  quality 
of  station  maintenance. 

1.  Paghis  (Canada):  Lake  most  people,  I  find  that  my  initial  point  of  view  has  been  strengthened  rather 
than  changed  during  the  meeting.  The  users  have  done  a  good  job  of  helping  ue  understand  what  their 
prcblems  are;  the  forecasters  have  told  us  a  great  deal  about  their  systems  and  the  progress  they  have 
made  in  handling  the  large  inputs  of  data:  but  the  scientists  have  not  levelled  with  the  audience.  The 
fact  is  that  we  do  not  yet  have  enough  detailed  knowledge  and  understanding  of  the  physical  processes 
to  provide  a  really  solid  basis  for  short  term  forecasting.  This  is  certainly  true  for  the  ionosphere 
and  it  may  also  be  true  for  solar  physics  problems  are  well.  Here  is  vfiat  I  mean;  what  are  the  present 
forecast  systems  doing  a  box*  the  efiects  of  neutral  wind*  in  the  F  region?  What  are  they  doing  about 
the  large  scale  motion  of  plasma  in  the  megnetosphern  (which  wili  certainly  have  a  large  effect  on  the 
ionization  we  need  for  HF  communication)  ?  Not  very  much.  Our  understanding  ha#  not  progressed  to 
the  point  where  these  things  can  be  built  into  the  forecast  systems.  We  have  more  work  to  do. 
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D.  Jelly  (Canada):  I*  d  liV e  to  make  a  few  comments  about  auroral  absorption  to  indicate  that  we  do  know 
a  bit  about  it  than  has  been  mentioned  here.  Absorption  has  been  defined  from  the  riometer  records  as 
being  of  three  types:  one  is  the  sudden  cosmic  noise  absorption  associated  with  flares,  the  second  is 
polar  cap  absorption  produced  by  solar  protons,  and  third  is  auroral  absorption,  originally  designated 

as  everything  else.  It  occurs  mainly  in  the  auroral  zone  and  at  first  we  knew  only  its  average  character¬ 
istics.  Now  however,  we  know  that  it  tends  to  occur  in  individual  events  —  the  auroral  sub-stormc--  and 
that  nighttime  eifects  are  associated  with  absorption  on  the  day  side  as  well.  Sub-storms  are  known  to 
occur  most  lrequently  during  the  early  part  of  major  storms.  They  last  from  one  to  two  hours  and  they 
tend  to  repeat  every  two  or  three  hours.  As  far  as  I  know,  the  effects  of  the  aub-storms  on  circuits 
have  not  been  examined  in  detail  and  it  would  seem  to  be  a  worthwhile  itudj  .  Sub-storm  effects  on  the 
F  layer  should  also  be  examined;  these  should  be  useful  for  short-term  forecasts  also. 

W.  R.  Piggott  (U.K. ):  This  my  third  sunspot  maximum  in  this  field.  At  every  sunspot  maximum  we've 
been  told  that  we  don't  need  predictions,  we  don*  t  need  forecaxts.  Four  or  five  years  later,  sunspot 
minimum  is  upon  us  and  a  terrible  cry  arises,  "No  frequencies  are  available  and  eveiybody  is  inter¬ 
fering  with  everybody  else.  Can  we  have  a  system  set  up?"  It  takes  two  or  three  years  to  set  up  a 
system  and  by  that  time  we  are  at  sunspot  maximum  again.  If  you  arc  to  break  cut  of  this  vicious  circle, 
the  time  to  begin  is  now. 

Now  the  physicist  has  been  told,  I  think  quite  rightly,  that  he  is  not  contributing  But  you  must  keep  in 
mind  that  the  physicist  is  perfectly  happy  if  he  knows  how  and  why  a  phenomenon  occurs,  wh-le  to  do  a 
forecast  or  a  prediction  you  must  also  know  when  and  where,  and  the  physicist  isn'  i  interested  in  this. 
There  is  an  easy  way  to  get  the  job  done,  and  that  is  to  cut  ofi  the  funds  until  *t  is  done.  \l  jvei  want  to 
make  one  constructive  suggestion  in  this  period. } 

A  lot  of  work  was  done  during  the  war  on  the  very  problems  we  face  today  \our  b>  at  way  of  getting  a 
quick  answer  may  be  to  find  someone  who  was  active  during  the  war  when  we  had  a  very  large  number 
of  tricks,  very  often  very  cheap,  which  are  now  completely  forgotten. 

T.  Damon  (U,  S. ):  The  Aj.r  Weather  Service  (and  the  1UC5TP,  as  well)  is  looking  into  the  possibility  of 
setting  up  an  international  network  of  existing  vertical -incidence  ionosphere  stations  so  that  data  can  be 
very  rapidly  relayed  into  a  central  location  for  the  purpose  of  deriving  (almost)  real  time  synoptic  maps 
of  the  ionosphere.  We  have  found  (and  Mr.  Piggott  has  shown  us  well)  that  there  are  features  not  related 
to  solar  or  geomagnetic  activity.  These  must  also  be  forecast  --  especially  near  solar  minimum  when 
solar  activity  and  geomagnetic  activity  are  low,  but  when  ionospheric  variability  still  plagueB  us.  This 
should  be  a  suitable  research  problem  for  someone. 

S.  E.  Probst  (U.S.):  A  few  years  ago  DCA  supported  ESSA  in  some  research  aimed  at  improving  our 
services  to  communications  in  southeast  Asia;  we  did  exactly  what  Major  Damon  is  proposing.  We  made 
arrangements  to  get  the  vertical -incidence  ionograms  read  and  reported  on  as  close  as  possible  to  real 
time  from  the  stations  at  Manila,  Taiwan,  Bangkok,  and  Okinawa.  Our  principal  problem  was  in 
getting  the  data  back  to  the  Boulder  computer  fast  enough  and  the  predictions  back  out  to  southeast  Asia 
fast  enough  for  the  operator  in  the  field  to  make  use  of  it.  As  far  as  he  was  concerned,  the  major  factor 
influencing  his  selection  of  a  frequency  was  who  else  was  already  using  the  spectrum  at  that  time  and  in 
that  area.  He  was  limited  predominantly  by  interference  and  so  he  could  rarely  work  near  the  MUF 
because  that' s  where  everybody  else  was.  As  we  had  earlier  observed  in  our  operation  of  the  CURTS 
(Common  User  Radio  Transmission  System)  system  in  the  Pacific,  frequently  the  best  frequency  was 
very  close  to  the  LUF  since  not  so  many  people  were  using  the  spectrum  down  there. 

N.  Gerson  (U.  S. ):  If  you  look  at  life  from  the  viewpoint  of  the  man  who  is  using  th~  predictions,  namely, 
the  commum  ;ator,  what  accuracies  does  ne  need,  and  for  these  accuracies  (probably  to  wichin  1  or  1.  5 
MHz)  what  is  the  least  sophisticated  system  we  can  get  away  with  to  supply  his  needs  ? 

E.  Warren  (Canada):  That' s  a  difficult  question.  For  most  short  circuits,  a  very  simple  system  could 
be  devised.  But  for  long  circuits,  say,  from  here  to  Central  Africa  or  to  Australia  and  for  some 
shorter  ones  with  special  problems,  a  fair  degree  of  sophistication  is  required.  For  some  situations 
no  existing  system  will  work  and  a  great  deal  of  sophistication  is  needed.  For  example,  Kift  found  that 
the  predictions  for  the  Ascension  Island  -  Slough  path  were  hardly  related  to  what  he  observed;  for  the 
path  between  Tripoli  and  Accra,  Ken  Davies  found  that  frequencies  around  60  MHz  could  sometimes  be 
used  —  these  were  centainly  not  predicted.  It  seems  to  me,  therefore,  that  the  whole  problem  of  long¬ 
term  predictions  is  still  unsolved  and  it  is  not  going  to  have  a  simple  solution. 

R.  W.  Madden  (U.  S. ):  Our  studies  of  the  HF  spectrum  indicate  that  it  is,  in  fact,  very  thinly  used  -  -  to 
no  more  than  10%  of  its  capacity.  Since  that  is  so,  why  is  CRM  such  a  problem?  i  suggest  that  the  answer 
lies  in  the  fact  that  all  of  us  using  the-  HF  spectrum  tend  to  sst  up  our  circuits  in  the  same  way.  F<~.r 
example,  we  would  not  dream  of  planning  a  link  so  that  the  transmissions  travel  the  long  way  around, 
but  such  signals  are  frequently  observed. 

K.  Davies  (U.S.):  As  already  indicated  by  a  number  of  speakers,  education  and  training  of  tho  operators 
is  perhaps  the  area  needing  the  mast  attention.  It  may  be  that  we  should  invest  some  of  the  monev  now 
being  spent  for  research  in  developing  the  necessary  training  program.  I  believe  this  should  be  done 
nationally  rather  than  internationally,  but  this  committee  has  made  a  contribution  by  the  publication  of  a 
book  by  the  Norwegian  Defense  Research  Establishment  entitled.  High  Frequency  Radio  Commim  cations. 

It  is  a  small  book,  quite  elementary  and  non -mathematical.  It  should  be  useful  for  the  purpose. 
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J.  B.  Lomax  nj.S.}:  As  j.n  <-.:amp?e  of  a  forecasting  failure  as  if  bears  on  Ae  question  oi  keeping  the 
operator •  s  confidence  \‘  d  like  to  xell  of  an  experience  of  save  tax  years  ago  iG  southeast  Asia.  We  set 
«-*•  Or-Uque  sounder  o  help  in  frequency  se  etion  tor  a  very  veil  equipped  circuit  which  had  been 
having  \ 'ou'>l ;  10  the  early  mi  rr,in(_  Laurr.  The  ■-•oerators  were  interested  ax-d  co-©perctive.  On  one 
pa”.>wular  evening,  however,  the  VOT  at«-errainud  by  the  sounder  was  varying  in  each  a  way  that  we 
V’e.e  certain  that  it  would  drop  through  the  operating  fiequei.cy  in  the  next  15  or  20  minutes.  So  we 
prettified  t.'.ie  and  recommended  that  they  go  to  a  rower  frequency.  The  oontpulle?  overruled  m  on  the 
basis  of  a  listening  test  r.l  his  ow„  and  predicted  that  the  frequency  would  be  good  for  aaothc  -  three  or 
four  hours.  Ii*  fact,  Ea  maintained  the  circuit  for  the  next  four  hours  and  It  took  several  weeks  to 
regain  their  commence. 

H.-  Risiihetb  (U.K.’Ji  As  an  ionospheric  physicist,  .  should  like  to  a?k  for  suggestions  from  the  users 
ns  to  the  kind  of  proulem  vo  could  undertake  to  help  cut.  We  know  considerably  more  than  we  did  % 
f'W  years  ago  abou.  the  high  latitude  ionosphere  (as  &  result  of  Canadian  work,  in  particular,  by  Hast* 
and  Bri„  ■>),  about  the  distribution  of  lar  'e  irregularities  (which  should  be  important  for  propagation), 
and  about  'he  shape  of  the  equatorial  F  region.  1  acr  apt  all  that  has  teen  said  about  ltd  tig  remote  from 
the  user,  but  with  suggestions  from  some  of  you  pe-  haps  we  can  help. 

C-  C.  McCue  (d  i3t“aiia);  Perhaps  we  should  defii.e  our  terms)  more  carefully.  1*  should  not  be 
necessary  for  'ho  puie  scientist  to  bridge  the  entii  e  gap  between  him  and  the  operator  any  more  than 
for  the  operator  to  take  up  the  study  of  the  chemistry  of  the  upper  atmoepnere,  for  example.  The 
'’teer"  for  the  kind  of  help  offeied  by  Dr.  KAskbeth  xhould  be  the  applied  scientist  who  develops  and 
puts  cut  the  predictio.ic  and  the  forecasts.  We.  should  serve  a 3  the  interface  between  the  two  extremes. 

F  Green  (Canada);  In  spite  of  Mr.  McCue1  s  comments,  I’ d  like  to  repea*  thav  a  mix  of  all  the  elements 
is  atSll  desirable.  Exrieri'  nee  is  still  the  best  teacher.  The  scientist  (pure  tv  net)  should  not  be  back¬ 
ward  about  asking  to  attend  an  operation,  end  the  operator  should  certainly  invite  them.  Visiting  back 
and  forth  will  provide  mutual  training,  and  it  can  lead  to  the  automatic  system  which  appears  tc-  be  needed. 

J.  V7.  Ames  (U.  S. );  At  Granger,  we  made  a  few  haulting  attempts  to  assist  Li  training  military  radio 
operators  in  connection  with  the  installation  of  sounder  systems.  T1--  'raining  program  was  primarily 
for  maintenance  purposes  so  that  out  of  a  two -week  program  there  wo  -  be  cue  day  with  a  shert  lecture 
on  how  the  ionosphere  works  and  what  the  operator  can  learr  about  the  x.  jmmuaicatioa*  by  watching  the 
sounder.  Some  of  the  material  for  these  training  coursts  along  wit}  some  appropriate  more  general 
material  has  been  gathered  in  a  ljtt'c  booklet.  Copies  will,  be  madi  available  for  those  ;’ho  want  them. 

R.  M.  Straka  (U.  S. );  to  line  with  the  training  aspects,  would  it  be  possible  for  NATO  or  other  organi¬ 
zation  could  get  together  a  series  of  films  prepared  by  a  responsible  scientist  or  group  of  scientists, 
or  prepared  after  close  cc.. saltation  with  these  scientists,  which  would  then  be  given  wide  distribution? 
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R.  K.  Salaman  (U.S. ):  I  was  iuvwlv  ed  in  th-*  program  described  by  Ed  Probet  in  southeast  Asia  and  we 
learned  quite  a  bit,  particularly  in  working  with  the  operators  in  the  commune atiuu  centers  and  the 
receiver  sites  and  so  on.  It  id  difficult  for  the  forec.asver  to  provide  all  the  answers  to  the  communicator, 
and,  in  fact,  with  his  current  state  of  knowledge,  V  m  act  sure  that  it  can  oe  done.  Part  of  the  necessary 
information  can  come  from  the  forecaster,  but  part  of  it  mey  also  come  from  the  cvenm  unicatov  himsslf 
from  what  is  going  on  over  his  particular  circuit.  VIouid  it  be  possible  to  devise  a  sjm^lc  system  -- 
simple  :ii  least  from  his  standpoint  --  which  gives  him  a  box,  say,  with  sit  or  seven  light?  on  it  Through 
a  world-wide  system,  it  might  bn  possible  to  distribute  a  watring  of  a  fla.’e  --  giving  probable  r.ttanuatiou 
of  daylight  c  rcuits  —  so  one  of  the  lights  would  indicate  this .  Another  light  could,  r,  soond  to  pxgnals 
from  a  world  ''.id?  VLF  network  when  a  -nagn'tic  storm  was  forecast  —  MUI  -L.UF  pe^turbati-tme  would 
be  expectea  under  thee  a  conditions,  especially  as  high  l&ritudeo.  Tf  a  storm  is  actually  dete;.-ted,  a  third 
light  could  come  or..  L'  he  is  operating  quite  *  bit  below  the  MUF,  the  fading  of  the  signal,  v*ili  be 
represented  by  a  xlayxeigh  distribution  (assuming,  now,  h  is  e -hop  pa*,i),  for  frequencies  .-pproaeklng 
the  MUF  fading  between  high  and  low  ray  and  between  ordinal' y  end  extraovdirary  c~mponentc  is  very- 
selective,  for  frequencies  between  to  0~  and  X-MXJF s  fading  is  very  Hat  and  abovs  the  X-MT1F  it 

becomes  Raylefgn  again.  So  lx  the  signal  uouih  be  aral'/u^.  *ach  of  these  conditions  could,  ia  effect, 
turn  on  a  light  to  indicate  so  '.be  operator  the  state  of  his  circuit,  and  as  the  lights  come  on  in  turn,  ksw 
much  operating  time  remains  to  him. 

J.  H.  Meek  (Canada):  First.  I' d  like  to  ask  Mr.  Salamau  to  stay  over  so  he  could  go  out  to  CRC  on 
Monday  to  see  the  equipment  he  has  just  described.  Kec  Davies,  who  is  now  chairman  of  EFC  has  ar. 
opportunity,  and  I  suggest  that  he  and  his  cohorts  take  the  x  aapousibility  for  preparing  recommendations, 
as  a  result  of  this  meeting  to  promote  cooperativ  e  scrim  through  aGARD  and  EPC  for  hir  training. 

Finally,  it  should  be  emphasised  that  Canada  (and  the  liSS?.)  amorg  the  r.,ore  affluent  nations  shrr e  cith 
those  countries,  called  by  Mr.  Pigg-'tt  the  -x*.ii*ervln£  poor,  a  "t.-d  for  HF  xbat  not  all  of  you  may  apprec¬ 
iate  Vr «  do  not  kav-  cables  criss-cross'ng  ihe  more  )  tno*-  x;«ai  (in  our  case,  the  Canadian  Arctic, 
for  example)  and  we  cannot  depend  on  satellites  >«r  ca  the  less  efficient  m  tans  of  communications  like 
tropnscatt-a-  and  ionospheric  scatter.  This  is  iiso  true  ir  the  An ta relic,  of  course.  Fart  of  our  problem 
h-.s  to  do  with  the  needs  of  individuate  who  nj\y  be  far  f.orc  .Avi'isation,  briefly  as  hi  the  case  of  the 
bus  a  pilots,  or  for  more  etrier-led  peruoda  like  the  Eskimo  who  ie&vee  his  cettiemer.t  for  many  weeks  to 
hunt.  It  ia  a  req'lirejttent  now  that-  these  people  keep  in  touch  and  ligh  irv^ueocies  previdv  the  only 
practical  way  to  do  it. 
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